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SUMMARY. 



Vols. III. and IV. 

QINIRAL 80MKART OF THK C0NTINT8. 

Special Retultt of ObterpcUion in the DonuUn o/Coamieal Phenomena.- 

Introduction, 

Retrospect of the subject. Nature considered under a two*fold as 
pect : in the pure objectivity of external phenomena, and in their inner 
reflection in the mind. A signiflcant classification of phenomena leads 
of itself to their casual connection. Compleienest in the enumeration 
of details is not intended, at least in the representation of the reflected 
picture of nature under the influence of tlie creative power of ima^na- 
tion. Besides an actual or external world, there is produced an ideal 
or an inner world ; filled with physical symbolic myths, different ac- 
cording to race and climate, bequeathed for centuries to subseauent 
generations, and clouding a clear view of nature. Fundamental im- 
perfeetibUily of the knowledge of cosmical phenomena. The discovery 
of empirical laws, the insight into the causal connection of phenomena, 
description of the universe, and theory of the universe* How, by means 
of existing thinffs, a small part of thoir genetic history is \M open. Dif- 
forotit phases oT tho theory of Uto uiiivurso, attempts to oomi)a*hfMid Uiu 
order of nature. Most auciont fiitidainoHtiil coiicoptiou of tlio lluUonio 
mind: physiologic phantasies of tho Ionian school, germs of tho scien- 
tific contomphitiou of nature. Double diroctioti of tho explanation of 
natural phenoinciia, by Iho assumption of iimtorial principles (elements), 
and by processes of rarefaction and condensation. Centrifugal revolu- 
tion. Theories of vortices. The Pythagoreans ; philosophy uf meas- 
ure and harmony, commencement of a mathematical treatment of phys- 
ical phenomena. The order and government of the universe according 
to the physical works of Aristotle. The communication of motion con- 
sidered as the cause of all phenomena; the tendency of the Aristotclean 
school but little directed to the 6pinion of the heterogeneity of matter. 
This species of natural philosophy bequeathed in fundamental ideas 
and form to the Middle Ages. Roger Bacon, the Mirror of Nature of 
Vincentz of Beauvais, Z«f^ Cosmorraphiens of Albertus Magnus, Imago 
Mundi of the Cardinal Pierre d'AiUy. Progress throngh Giordano Bru- 
no and Telesio. Clearness in tho conceptions o{ gravitation as mass at' 
traction, by Copernicus. First attempt at a matuematical application 
of the doctrine of gravitation, by Kepler. * The work on the Cosmos by 
Descartes ( Traiti du Monde) nobly undertaken, did not appear until 
long after his death, and only in fragments; tho Cosmotheoros of liny* 
cons, unworthy of tho great inunet Newton, and his work Philoaophta 
Ifaturalis Principia Mathematiea, Endeavor toward a knowledge of 
the universe ns a Whole. Is the problem solvable of tracing back to 
onn principle all physical knowlddgo, from the law of gravitation to the 
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formative activities in the organic and animated bodies T What baa 
been discovered does not by a long way exhaust the discoverable. 
The imperfeciibility of empiric invesiigation malces the pn>bleni of ex- 
pluiniug ihu changeability of matter from tlie forces of mutter an indef" 
initc one* 

A. Uranoloqical Portion of the Phyiical Description of the Uni" 
verje— p. 20-28. 

Two sections, one of which comprises the heaven of fixed 
stars; the other, our eolar system — ^p. 26. 

a. AsTROONosT ; Heaven of the fixed stars. 

I. The realms of space, and conjectures regarding that which 
appears to occupy the space intervening between the heaven- 
ly bodies — ^p. 29-41. 

II. Natural and telescopic vision — p. 49-72 ; Scintillation of the 
stars— 73-83 ; Velocity of light— p. 84-88 ; Results of photom 
etry — p. 89-102. Order of the fixed stars according to their 
luminous intensity. 

III. Number, distribution, and color of the fixed stars — p. 103- 
139 ; Stellar clusters (stellar «i0ann«)— p. 140-143 ; The Milky 
Way iiitursporsod with a few nebulous s^Kits— p. 144-151. . 

IV. New stars, and stars that have vanished-«-p. 151-100; Vo- 
riable stars, whose recurring periods have been determined— 
p. 160-177 ; Variations in the intensity of the light of stars 
whose periodicity is as yet uninvestigated — p. 177-182. 

v. Proper motion of the fixed stars — ^p. 182-185 ; Problematical 
oxislonce of dark cosmicul bodies— p. 185-187; Parallax— 
measured distaucos of some of the fixed stars — p; 187-194 ; 
Doubts as to tho assumption of a central body for the whole 
sidereal heavens — ^p. 195-199. 

VI. Multiple, or double stars— Their number and reciprocal dis 
tances. Period of revolution of two stars round a common 
center of gravity — p. 199-213. 

I VII. Nebulous spots. Are these only remote and very dense 
clusters of stars? The two Magellanic Olouds, in which 
crowded nebulous spots are interspersed with numerous stel- 
lar swarms. The so-called black spots (Ooal-sacks) of the 
Southern hemisphere — p. 13-53 

^. Solar Region — p. 53-134. 

I. The Sun considered as the central body — p. 59-88. 

II. The Planets— p. 88-134. 

A. General consideration of the planetary world — p. 88-134. 
a. Principal Planets — p. 89-131. 
h. Secondary Planets — p. 131-134. 

D. Special enumeration of the planets and their moon's as parts 
of the solar system — ^p. 134. 

Sun- p. 13.5-137. 
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Mercury — ^p. 137, 138. 

Venus— p. 138-141. 

Earth— p. 141. ^ 

Moon of the Earth — p. 141-159. 

Mars — p. 159, 160. 

The small planets — p. 161 ; Flora, Victoria, Vesta, IriS| 
Metis, Heoe, Farthenope, Astnea, Egeria, Irene, Eono* 
mia, Juno, Ceres, Fallas, Hygeia ; 

Jupiter — p: 165-168. ^ 

Satellites of Jupiter — ^p. 169, 170. 

Saturn— .p. 170-174. 
Satellites of Saturn — p. 174, 175. 

Uranus — p. 175, 176. 
Satellites of Uranus — ^p. 176, 177. 

Neptune — p. 177-180. 
Satellites of Neptune — ^p. 180, 181. 

III. The comets— p. 181-201. 

IV. Ring of the zodiacal light — p. 201-204. 

V. Shooting stars, fire-balls, meteoric stones— p. 204-226 

Conclusion- p. 227-230. 

Oorrections and additions to vol. iii., p« xi., xii. 

Index, p. 231-234. 

Special analytU of the individual seclioiu of the attronomieal pari of 
the Cottnos* 

a. ASTROOWOST. 

I. Cotmicnl ttpacei Only Isolated portions nro meAsnmlilo— p. 30. 
Resisting medium, celestial atmosphere, cosmical ether— p. 31, note tt 
and p. 33, note *. Radiation of heat by the stars — p. 35, note X, * Tem- 

{)enitnro of space — p. 37-39. Limitra transparency 7 — p. 48. Rogn- 
arly decreased period of revolution of the Oomet of Encke — ^p. 39. 
Limitation of the atmosphere 7— p. 40. 

II. Natural and telescopic vtti&n : Veir different sources of light pre- 
sent similar relations of refraction — p. 44. Different velocities of the 
light of ignited solid bodies and that of frictional electricity — p. 45. 
Position of the Wollastonian lines — p. 45. Influence of tubes — p. 43. 
Optical means of distinguishing between direct and reflected light, and 
the importance of the means to physical astronomy — p. 45. Limits of 
ordinary vision — p. 48. Imperfection of the organ of vision; false di- 
ameter of the stars — p. 52. Influence of the form of an object upon the 
minimum visual angle in experiments as to visibilitv; necessity of a dif* 
ference of luminous intensity of ^*^ ; visibility of distant objects, posi- 
tively and negatively — p. 48-56. On the visibility of stars by day with 
the naked eye from wells or upon lofty mountains — p. 56. A feeble 
li^ht by the side of a stronger — p. 49, note *. Extending ray and star 
tails — p. 52. On the visibility of the satellites of Jupiter by the naked 
eye — p. 50. Undulation of the stars — p. 59. Coinmoncomont of tel- 
escopic vision ; application to moaniiromont — ]). 00-02. Refractors of 
great length— p. 63. Rcfloctora — ^p. 63. Day observations ; how strong 
magnifying powers facilitate the finding of the stars by day — p. 60. 



VI GENERAL SUMMARY 

Explanation of the sparkling and scintillation of the stars^-p. 73. Ve* 
locity of light — ^n. 79^88. Order of inagnitudo of the stars ; photomet- 
ric rolutious aiiu methods of meaBiircmout — p. 89-98. Cyauometor— 
p. 97. I'liotdmotric order of the (Izod stars— p. 99-102. 

in. Numberf dittributionf and color of the fixed stars; Stellar clusters 
and the Milky Way: States of the sky which hinder or favor the de- 
tection of stai*s — p. 103. Number of the stars ; how many may be seen 
witli the naked eye — p. 104. How many have been inserted in stellar 
charts with dotoruiiiiatiuiis of position — p. 108. Conjectural estimation 
of the uunibor of stars which can bo visible in the entire heavens with 
our present powers of penetrating space — p. 105. Contemplative as- 
trognosy of uncivilized people — -p. 109. The Grecian sphere—p. 118. 
The crystal sky — p. 133. False diameter of the fixed stars in telescopes 
—p. 129. Smallest objects in the heavens which have yet been seen 
—p. 130. Difference oi colors in the stars, and the changes which have 
taken place in the colors since antiquity — p. 130. Sirius (Sothis) — p. 
132. The four royal stars — p. 136. Urauual acquaintance with the 
Southern heaven — p. 137. Distribution>of the fixed stars, laws of rela- 
tive accumulation, gauging — p. 138. Clusters and swarms of stars — ^p. 
140. The Milky Way— p. 143. 

IV. Stars that have newly appeared and disappeared; variable stars 
and changes in the intensity of their light whose periodicity has not been 
investigated: Now stara iu the last 2000 years — p. 151. Periodically 
changeable stars: Historical particulars — p. 151. Color — p. 1G5. Num- 
ber — p. 164. Order recognizable iti apparent irregularity ; great dif- 
ferences of brightness ; periods within periods — p. 167. Argelander's 
table of the variable stars with commentary — p. 172. Vanable stars 
in undetermined periods (rf ArgAa, Capella, stars of the Ursa) Major and 
Minor) — p. 181. Uoference to the possible changes of temperatm*e on 
the Earth's surface — p. 181. 

V. Proper motion of the fixed stars, dark eosmical bodies, parallax ; 
dotibts as to the assumption of a central body for the entire heaven of fixed 
stars : Change of the physio^omy of the sky — ^p. 182. Amount of the 
proper motion — p. 184. Evidence in favor of the probable existence 
of non-luminous bodies — p. 186. Parallax and measurement of the dis- 
tance of some fixed stars fram our solar system — p. 187. The aberra- 
tion of light may be applied to the determination of the parallax of 
double stars— p. 194. The discovery of the proper motion of the fixed 
stars has led to the knowledge of the motion of our own solar system, 
and even to the knowledge of the direction of this motion — p. 184 and 
194. Problem of the situation of the center of gravity of the whole 
heaven of fixed stars and central suns 7 — p. 196, and note tt P* 1^8, and 
p. 199, note *. 

VI. Double stars, period of revolution of two suns round a common 
center of gravity : Optical and physical double stars — p. 200; number 
— p. 201. Uniformity and difiereuce of color ; the latter not the conse- 
quence of optical deception, of the contrast of complementary colors— 
p. 207, note *, p. 206, and p. 209, note *. Change of brightness — p. 209. 
Multiple combinations (three to six fold) — p. 209. Calculated orbitual 
elements, half mi\jor axis and period of rotation in years — p. 213. 

VII. Nebula, Magellanic Clouds, and CoaUsaeks : Resolvability of tho 
nebule; questions as to whether they are all remote and crowded 
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dosten of stari in the northern and soathem hemispheres— p. 27 ; . 
spaces poor in neboloB, and the maxima of accumulation — p. 28, and 
note *. Oonfiguration of nebulro: spherical, annular, spiral, and plan* 
etary nebulie — p. 31. Nebula (cluster of stars) in Andromeda — p. 16- 
31 (note t, p. 31); nebula in Orion's sword — p. 17-39 (notes *, p. 18, 
t, p. 23, $, p. 36, *, p. 38, $, p. 39, and *, p. 40) ; larj^e nebula round 9 
ArgOs — ^p. 40 ; nebula in Sagittarius— p. 41 ; nebula m Cygnus and Vul- 
pes ; spiral nebula in the northern Oanes Venatici — p. 41. The two Ma* 
gellauic Clouds — p. 43 (note *, p. 48). Black spots or Ooal-sacks — p. 51. 

/}. The Solar region; planets and iheir moone, ring 0/ the zodiacal 
light, and twarms of meleor^$(eroidt — p. 53-88. 

I. The i$tm eonndered at a central body : Numerical data— p. 59 (note 
*, p. 59, and p. 62, note *^^ Physical constitution of the surface; en- 
velopes of the dark solar globe ; Sun-spots, faculte — p. 61. Diminutions 
in the daylight recorded by the annalists ; problematic obscurations— 
p. 73, and note. Intensity of the light in the center and at tlie edge 
of the Sun's disk — p. 79, and note ; also p. 81, note *• Oorrelation of 
light, heat, electricity, and magnetism; Seebeck, Ampere, Faraday—* 
p. 84. Influence of the Sun's spots upon the temperature of our at> 
mosphore— p. 80. 

II. The Planeie : 

A. OenereU comparative contideratione : 

a. Prineipal Plants : 

1. Number and epoch of discovery — ^p. 89. Names, planetary 
days (week V and planetary hours— p. 92, and note t { also 
p. 94, note *. 

2. Olassiflcation of the planets in two groups— p. 102. 

3. Absolute and apparent magnitudes ; conflguration— p< 105. 

4. Order of the planets and their distances from the Sun ; the 
so-called law of Titius; old belief that the cosmical bodies 
which we now see were not all visible from the beginning ; 
Froselenes — ^p. 106, note *, p. 108, and p. 120,.note *. 

5. Masses of the planets — p. 118. 

6. Densities of the planets — ^p. 119. 

7. Periods of sidereal revolution and axial rotation — ^p. 120. ' 

8. Inclination of the planetary orbits and axes of rotation ; 
their influence upon climate — p. 121, and note $, p. 126. 

b. Secondary planets — p. 127 

B. Special connderation ; enumeration of the individual planets and 
their relation to the Sun as central body. 

The Sun—i>. 135-137. 

ATercttry— p. 137, 138. 

Venus; spots— p. 138-141. 

7*he Earth; numerical relations — ^p. 141* 
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The Moon of the Earth ; produces light and heat ; ash-gray 
y or earth-light in the Moon; spots; nature of the Moon's 

surface, uiountaius and plains, measured elevations ; pre- 
vailing type of circular configuration ; craters of elevation 
without coutiuuiug eruptive phenomena; old traces of 
the reaction of the interior upon the exterior (the sur^ 
face) ; absence of Sun and Earth tides, as well of currenti 
as transportive forces, on account of the want of a liquid 
element ; probable geognostic consequences of these re* 
lations — p. 141-159. 

Mara; ellipticity; appearances of surface altered by change 
of the seasons — p. 159, IGO. 

The small planett^^. 161, 162. 

Jupiter : periods of rotation ; spots and belts — ^p. 165-168. 
Satellitet of Jupiter—^, 169, 170. 

Saturn : bands, rings, eccentric position— p. 170-174. 
SateUiteM of Satum-^^. 174, 175. 

Uranut^p, 175, 176. 
Satellites of Uranus-^iu 176, 177. 

Nejdune: discovery and ulomonts — p. 177-181. 
Satellites of Neptunc—i*, 181-201. 

III. The Comets: with tho smullost niassos occupying immouso 
spaces ; configuration ; periods of revolution ; separation ; olements of 
the interior comets — p. 181-201. 

IV. The ring of the zodiacal light : Historical particulars. Intermit- 
tence two-fold ; hourly and annual 7 Distinction to be made between 
the cosmical luminous process which belongs to the zodiacal light it- 
self and ihe variable transparency of our atmosphere. Importance of a 
long series of corresponding observations under the tropics at different 
elevations ab^ve the sea from 9 to 12,000 feet. Reflection like that at 
sunset. Comparison in the same night with certain parts of the Milky 
Way. Question as to whether the zodiacal light coincides with the 
plane of the Sun's equator — p. 201-204. 

v. Shooting stars, fire-halls^ meteoric stones : Oldest positively determ 
ined fall of aerolites, and the influence which the fall of^gos Potamos 
and its cosmical explanations exercised upon the theories of the nni- 
verse of Anaxagoras and Diogenes of Apollonia (of the later Ionic 
schooh ; force of revolution which counteracts the power of the fall 
(centnfugal force and gravitation) — p. 204-209, note 1, p. 207, and p. 
209, note *. Geometric and physical relations of meteora in sporadic 
and periodic fulls; divergence of the ithooting stars; dofinito points of 
departure; mean number of sporadic and periodic shooting stiirs in an 
hour in different months — p. 209-214, note tt p. 210, and p. 211, note *• 
Besides the stream of St. Laurentius, and the now more feeble Novem- 
ber phenomenon, four or five other falls of shooting stars have been 
discovered which very probably occur periodically during the year — 
p. 214, note *, p. 215, and p. 216, note *. Height and velocity of the 
meteors — p. 217. Physical relations, color and tails, process of com- 
bination, magnitudes ; instances of the firing of buildings — p. 217. Me- 
teoric stones ; falls of aerolites when the sky is clear, or after the for- 
mation of a small dark meteoric cloud — ^p. 220, note t, and p. 221, note * 
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Problematical abundance of the shooting start between midnight and 
the early hours of morning (hourly variations)— p. 222. Chemieal re« 
lations of the aerolites ; analogies with the constituents of telluric rook 
—p. 223-226. 

ConeluMon s Retrospect of the undertaking. Limitation consistent 
with the nature of a pnysical description of the universe. Representai- 
tion of the actual relations of cosmical bodies to each other. Kepler's 
laws of planetary motion. Simplicity of the uranological problem in 
oppositien to the telluric, on account of the exclusion of material hete- 
rogeneity and change. Elements of the stability of the planetaiy syt* 
tem— p. 227-230. 
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Page 34, line 22. 

Since the printing of that part of the Cotmoa where a doubt is ex* 
pressed as to whether it has been ** shown with certainty that the posi*. 
tions of the Sun influence the terrestrial magnetism/' the new ana ez« 
ceilentjuvestigations of Faradajr have proved the reality of such an in« 
fluence. Long series of magnetic observations in opposite hemispheres 
(«. ff,, Toronto in Canada, and Hobart Town in Van Diemeu*s Land), 
show that the terrestrial magnetism is subject to an annual variation 
which depends upon the relative position of the Sun and Earth. 

Page 59, line 2. 

The remarkable phenomenon of the ttndvlation of stars has verj re 
cently been observed at Trier by very trustworthy witnesses, in Sirius, 
between 7 and 8 o'clock, while near the horizon. See the letter of 
Herrn Flesch, in JahiCi UnterhcUiungenfAr Freuntk dcr Attronomie, 

Page 132, lino 21, note *. 

The wish which I strongly cxprosscd that tlio liistnricnl opoch in 
which the disappearance of the red color of Sirius falls should be more 
positive!? determined, has been partially fulGllcd by the laudable in- 
dustry of Dr. WOpcke, a young scholar, who combines an excellent ac* 
quaintance with Oriental languages with distinguished mathematical 
knowledge. The translator and commentator of the important Algehra 
of Omar Alkhayyami, writing to me from Paris in Ausust, 1851, says, 
** I have examined the four manuscripts iu this place of the Uranorraphf 
of Abdurrahman Al-Sufi, in reference to your suggestion contained in the 
astronomical volume of the Cosmott and found that a Bootis, a Tauri, 
a Scorpii, and a Orients, are all expressly called red; Sirius, on tho 
contrary, is not." Moreover, the passages rofcrring to it are uniformly 
as follows in all the four manuscripts: ''The first among its (Great 
Dog^ stars is tho largo, brilliant one in his mouth, which is roprosonted 
on the Astrolabium, and is called Al-jemaanijah" Is it not probable 
from this investigation, and from what I quoted from Alfragaui, that the 
epoch of the change of color falls between the time of Ptolemous and 
the Arabs. 

Page 194, line 21. 

In the condensed statement of tho method by which the parallax of 
the double stars is found by moans of the velocity of light, it should bo 
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•aidf The time which elapses between the moment in which the piano* 
tary secondary star is nearest to the Earth, and that in whicli it is most 
distant from it, is always longer when the star passes from the point of 
greatest proximity to that of greatest elongation, than in the converse, 
when it returns from the point of greatest elongation to that of greatest 
proximity. 

Page 213, line 1. 

In the French translation of the ostronomical volume of the Cosmos, 
which to my great gratification, M. H. Faye has again undertaken, this 
learned astronomer has much enriched the section upon doable stars. 
I had myself neglected to make use of the important treatises of M. 
Yvon Villarceau, which were read at the Institute in the course of the 
year 1849. (See Connaissance des Temps pour Van 1832, p. 3-128.) 
1 quote here from the table by M. Faye, of the orbital elements of eight 
double stars, the first four stars, which he considers to be the most cer 
tainly determined : 

Elements of the Orbits of Double Stars. 



Name and Magnitude. 


Semi- 
major 
axia. 


Eccen* 
tricity. 


Period of 
revolution 
in Yoara. 


MameoftheCalca* 
lator. 


f Ursoo Majoris, 
(4th and 5th Mag.) 


3"-857 
3"-278 
2"-295 
2"-439 


0-41G4 
0-3777 
0-4037 
0-4315 


58-2G2 
60-720 
61-300 
61-576 


8a vary 1830. 

J. Hurschel..l849. 

Madler 1847. 

Y. Villarceau 1849. 


p Onhiuchi, 
(4th and 6th Mag.) 


4"-328 
4"-966 
4"-800 


0-4300 
0-4445 
0-4781 


73-862 
92-338 
92000 


Eucke 1832. 

Y. Villarceau 1849. 
Mfidlor 1849. 


( Herculis, 
(3d and 6-5lh Mag.) 


l"-208 
l"-254 


0'4320 
0-4482 


30-220 
30-357 


Mfidlor 1847. 

Y.ViUarcouul847. 


tf Corons, 
(5*5th and 6th Mng.) 


0"-902 
1"-012 
1"-111 


0-2891 
0-4744 
0-4G95 


42-500 
42-501 
6G-257 


Madler 1847. 

Y. Villarceau 1847. 
The same, 2d result. 



The problem of the period of revolution of tf Coronae admits of two 
solutions : of 42-5 ana 66*3 years ; but the late observations of Otto 
Struve give the preference to the second. M. Yvon Villarceau finds 
the semi-major axis, eccentricity , and periods of revolution in years 



y Virginis 3"-446 
C Oancri 0"-934 

a Centaun 12''-128 



0-8699 
0-36G2 
0-7187 



153-787 
58-590 
78-486 



The occultation of one fixed star by another, as was presented by ^Her- 
culis, I have called apparent (p. 287). M. Faye shows that it is a con- 
sequence of the spurious diameter of the stars {Cosmos, vol. iii., p. 66 
and 170) seen in onr telescopes. The parallax of 1830, Groombndge, 
which I gave (p. 27) as 0''-226, is found by Schlater and Wichmann, 
0"-182, and by Otto Struve, 0"-034. 
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VII. 

MEBULOUS SPOTS. — ^ARE THESE ONLT REMOTE AND VERT 

DENSE CLUSTERS OF STARS? THE TWO BIAOELLANIO 

CLOUDS, IN WHICH CROWDED NEBULOUS SPOTS ARE IN« 
TERSPERSED WITH NUMEROUS STELLAR SWARMS.— THE 60« 
CALLED COAL-SACKS OF THE SOUTHERN HEMISPHERE. 

Among the visible cosmical bodies occupying the regions 
of space, besides those which shine with stellar light (whoth* 
er self-luminous, or illumined like planets, stars isolated or 
in multiple groups, and revolving round a common center of 
gravity), there are also mas^s which present a faint and 
milder nebulous light.* These bodies, which appear at one 
time as sharply defined, disk-formed, luminous clouds, at 
another as irregularly and variouBly-stiapod inassos, widely 
diffused over large spaces, seem to the naked eye, at first 
sight, to bo wholly different from those cosmical bodies of 
which we treated fully in the last four sections of the Astrog* 
nosy. In the same way that there is an inclination to infer 
from the observed and as yet unexplained motion of the vis- 
ible cosmical bodies.t the existence of others hitherto invisi' 
hie, so the knowledge gained as to the resolvabUity of a con- 
siderable number of nebulous spots has recently led to con- 
clusions regarding the non-existence of all nebulsB, and, in- 
deed, of all cosmical vapor generally. But whether these 
well-defined nebulous spots be a self-luminous vapory mat- 
ter, or remote, closely-throngod globular clusters of stars, they 
must ever remain objects of vast importance in the knowl- 
edge of the structure of the universe and of the contents of 
space. 

The number whose positions have been determined by 
right ascension and dechnation exceeds 3600. Some of the 

* CoMtnos, vol. i., p. 85-89, 91, and 142; vol. H., p. 328; vol. iii., p 
87-»41, 140, 154, and 162. r Cosmos, vol. iii., p. ^85, 186 



14 COSMOS. 

more irregularly diffused measure eight lunar diameters. Ao 
cording to William Herschers earlier estimate, made in 181 1, 
these nebulous spots cover at Ic^ajt ^s^z^^ V!^^^ ^^ ^^^ whole 
visible firmament. As seen through colossal telescopes, the 
<H>ntemplation of these nebulous masses leads us into regions 
^m whence a ray of light, according to an assumption not 
wholly improbable, requires millions of years to reach our 
^arth, to distances for whose measurement the dimensions 
<Che distances of Sirius, or the .calculated distances of the bi- 
liary stjLrs in Cygnus and the Centaur) of our nearest stra- 
tum of fixed stars scarcely suffice. If these nebulous spots 
bo elbiilical or spherical sidereal groups, their very conglom- 
eration calls to mind the idea of a mysterious play of gravi- 
tative forces by which they are governed. If they be vapory 
masAAfi, having one or more nebulous nuclei, the various de- 
n^rces of their condensation suggest the possibility of a process 
of gradual star-formation from iuglobato matter. No other 
oosmical structure — no other subject of this branch of astron- 
omy more cotitomplativo than measuring — is, in like degree, 
adapted to excite the imagination, not merely as a symbolic 
ima^e of the Infinitude of space, but because the investiga- 
tion of the different conditions of eadsting things^ and of their 
presumed connection of sequences, promises to afibrd us an in- 
sight into the laws of genetic development.'* 

The historical development of our knowledge of nebulous 
bodies teaches us that here, as in the progress of almost every 
other branch of physical science, the same opposite opinions, 
which still have numerous adherents, were maintained long 
since, although on weaker grounds. Since the general use 
of the telescope, we find that Galileo, Dominique Gassini, 
and the acute John Michell regarded all nebulsB as remote 
clusters of stars ; while Halley, Derham, Lacaille, Kant, and 
Lambert maintained the existence of starless nebulous mass- 
es. Kepler (like Tycho Brahe before the invention of the 
telescope) was a zealous adherent of the theory of star-forma- 
lion from cosmical vapor — from condensed conglobate celes- 
tial nebulous matter. He believed ** cadi materiam tenuis^ 
simam (the vapor which shines with a mild stellar light in 
the Milky Way) in unum globum condetisatanit stdlam ef- 
fingerCt* and grounded his opinion, not on the process of con- 
densation operating in defined roundish nebulous spots (for 
these were unknown to him), but on the sudden appearance 
of new stains on the margin of the galaxy. 

* Cotmoi, vol. i., p. 84. 
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If -we take into account the number of objects discoyered, 
the accuracy of their telescopic investigation, and the gener 
alization of views, the history of nebulous spots, like that of 
double stars, may be said to begin with William Herschel. 
Until his time there were not more than 120 unresolved neb- 
ulsB in both hemispheres whose positions were determined, 
including even the results of Messier's meritorious labdrs ; 
and in 1786 the great astronomer, of Slough published the 
first catalogue, containing 1000. I have already fully point 
ed out, in an earlier portion of this work, that the bodies 
named nehtdous stars {vetpeXoeiSelg) by Hipparchus 'and 
Geminus in the Catasterisms of the pseudo-Eratosthenes 
and in the Almagest of Ptolemy, are stellar clusters which 
appear to the naked eye with a nebuloUs luster.* This des- 
ignation, Latinized nebuloscB, passed in the middle of the 
thirteenth century into the Alphonsine Tables, probably 
through the preponderating influence of the Jewish astrono- 
mer, Isaac Aben Sid Hassan, chief Kabbi of the wealthy 
synagogue at Toledo. The Alphonsine Tables were first 
printed in 1483 at Venice. 

The first notice of a remarkable aggregation of innumer- 
able true nebulous spots, blended with stellar swarms, dating 
from the middle of the tenth century, is in the writings of an 
Arabian astronomer, Abdurrahman Sufi, a native of the Per- 
sian Irak. The Wltite Ox, which he saw shining with a 
milky light far below Canopus, was undoubtedly the larger 
Magellanic Cloud, which, with an apparent breadth of nearly 
twelve lunar diameters, extends over a portion of the heav- 
ens measuring forty-two square degrees. No mention is made 
by European travelers of this phenomenon until the begin- 
ning of the sixteenth century, although, 200 years earlier, the 
Normans had advanced as far along the western coasts of Af- 
rica as Sierra Leone (8^ 30' N. Lat.).t It might have been 
expected that a nebulous mass of such vast extent, which 

* Cotmot, vol. iii., p. 91, and note, and 140, and nolo. 

t Pi-ior to Iho expedition of Alvaro Bccoira. The Portugaese ad-" 
vancod beyond the equator in 1471. — See Iluinbuldt's Examen Critiqne 
de VHitt. de la Gtographie du Nouveau Continent, torn, i., p. 290-292 
In Elasteru Africa the Lagides had availed themselves, for purposes of 
commerce, of the passage along the Indian Ocean, and, favored by the 
southwest monsoon (Hipimlns), had passed from Ocelis in the Straits 
of Btib-el-Mandeb to the Midabar emporium of Muziris and to Ceylon 
{Co9mo9, vol. ii., p. 172, and note). Although the Magellanic Clondf 
must have been seen ini all these voyages, we meet with no record of 
their appearance. 
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was distinctly visible to the naked eye, would have attracted 
attention sooner.* 

The first isolated nebula which was observed and recog- 
nized by the telescope as wholly starless and as an object of 
special nature was the nebula near v Andromeds, which, like 
that last mentioned, is also visible to the naked eye. Simon 
Marius [Mayer], of Gunzenhausen, in Franconia, originally 
a musician, and subsequently court mathematician of one of 
the Margraves of Colmbach, the same person who saw the sat- 
ellites of Jupiter nine days earlier than Galileo,! has also the 
merit of having given the first, and, indeed, a very accurate 
description of a nebula. In the preface to his Mundus Javi' 
(UiSft ho relates that, **on the 15th of December, 1612, he 
observed a fixed object difiering in appearance from any he 
had ever seen. It was situated near the 3d and northern 
star of Andromeda's girdle ; seen with the naked eye, it ap- 
peared to him to be a mere cloud, and by the aid of the tel- 
escope he could not discover any signs of a stellar nature, a 

* Sir John Herachel, Obterxalions at the Cape, $ 132. 

t Op. eit., p. 357, 509 (note 43). Galileo, who eDdeavored to refer 
the difference in the days of discovery (29th of December, 1609, and 
7th of January, 1610) to a difference in the calendar, maintained that he 
had seen the satellites of Jupiter one day earlier than Marius, and even 
allowed himself to be. so far carried away by his indignation at ".the 
falsehood of the heretical impostor of Gutzenhansen" (bugia del tm- 
pottore eretico OurUzenhusano^^) as to declare his belief'* that very prob- 
ably the heretic, Simon Marius, never observed the Medicean planets" 
(" che moUo probabilmente U eretieo, Simon AfariOt non ha ottervato gi- 
ammai iPianeti Medicei"). — See Operedi Oalileo Oalilei, Podova, 1744, 
torn, ii., p. 235-237 ; and Nelli, Vita e Commereio letterario di Oalilei, 
1793, vol. i., p. 240-24G. The '* heretic" had nevertheless expressed 
himself very pacifically and modestly in reference to the extent of merit 
due to his discovery. " I simply affirm," says Simon Marius, in the 
preface to the Afundua Jovialist " bsc sidera TBrandenburgica) a nullo 
moi'talium roihi ulla ratione commonstrata, sea propria indagine sub ip- 
sissimum fere tem^)us, vol aliqunnto citius quo Guliluius in Italia ea pri- 
mum vidit, a me m Germaniu udiuvcuta et obsorvata fuisso. Morito 
igitur GaliiiDO tribuitur et manot laus primis iuventiouis horum side- 
rum apud Italus. An autom intor moos Gonnunos quispiam ante mo 
ea invenerit et viderit, huotonus iatelligere uon potut." ** I simply af- 
firm that I was led to the discovery of these stars, not by any reason- 
ings of others, but by the result of my own investigations, and that they 
were observed by me in Germany about the very same time, or a lit- 
tle sooner, than Galileo first saw then» in Italy. To Galileo, among the 
Italians, is therefore due the merit of having first discovered these stars. 
But whether, among my own countrymen m Germany, anv person be* 
fore me has discovered and seen them, I have not ^ yet been able to 
ascertain." 

I Mundvs Jovialie, anno 1609, detectue ope pertpieilli Belgiei, (Nori 
bergs, 1614.) 
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oiroumsiance which distiiigniBhcd it from the nebulous itani 
in Cancer, and from other nebulous clusters.' All that could 
be recognized was a whitish glimmering appearance, bright* 
er in the center, and fainter toward the margins. With a di- 
ameter of one fourth of a degree, the whole resembled a light 
seen from a great distance through half-transparent horn 
plates (similisfere splendor apparet, si a longinqtw candc' 
la ardens per cornu pellucidum de noctu cematury* Si- 
mon Marius hazards a conjecture whether this singular star 
be not of recent formation, but will not give a decided opin- 
ion, although it strikes him as singular that Tycho Brahe, 
who had enumerated all the stars in the girdle of Andromeda, 
should have said nothing of this nebidosa. The Mundus Jo- 
vialiSy which first appeared in 1614, indicates, therefore, as I 
have already observed elsewhere,* the difierence between a 
nebulous spot unresolvable by the telescopic powers of that 
age, and a cluster of stars,t to which the mutual proximity of 
its numerous small stars, not visible to the naked eye, imparts 
a nebulous luster. Notwithstanding the great improvements 
made in optical instruments, the nebula in Andromeda was 
considered for nearly two centuries and a half — as at its dis- 
covery — to be wholly devoid of stars, until two years since, the 
transatlantic observer, George Bond, of Cambridge, in Massa- 
chusetts, discovered 1500 small stars within the limits of the 
nebula. I have not hesitated to class it among the stellar 
clusters, although the nucleus has not hitherto boon rosoWod.t 
It is probably only to bo ascribed to some singular acci- 
dent that Galileo, who, when the Sidereus Nuntius appear- 
ed in 1610, had already made frequent observations of the con- 
stellation of Orion, should have subsequently mentioned, in 
his Saggiatoret no other nebuiss in the firmament but those 
which his own weak optical instruments had resolved into 
stellar clusters, although he might long before have leamed, 
through the Mundus JavialiSt of the discovery of the starless 
nebula in Andromeda. When he speaks of the nebulose del 
Orioneedel Frescpe, he understands by the expression merely 
"aggregations {coacervazioni) of innumerable small stars.'*} 
He successively delineates, under the deceptive designations of 
nebidosa capitis, cingtdi, et ensis Orionis, clusters of stars, 

* Cosmot, vol. it., p. 320. 
t Oerm., Stornlmulon ; French, amas d'dtoiles. 
I Cosmotf vol. iii., p. 142. . 

$ Oalilei notd ehe U N^ndote di Orione nulV altro erano ekt mucehi § 
eoaarvaxiani d^ innumerabUi £f/«;/e.''— Nelli, VUa di GalM, L, p. 208. 
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in which he exults in having discovered 400 hitherto unob- 
served stars in a space of one or two degrees. He never 
makes any reference to unresolved nebulous matter. Yet 
how could the great nebulous spot in the sword of Orion have 
failed to rivet his attention ? But, although this great ob- 
server probably never saw the irregular nebula in Orion, or 
the roundish disk of a so-called irresolvablo nebula, still his 
general views*' on the intrinsic nature of nebulous spots were 
very similar to those to which the greater number of our 
astronomers of the present day incline. Like Galileo, Hevel 
of Dantzig, who, although a distinguished observer, was not 
much inclined to rely upon telescopic observation for aid in 
cataloguing the stars,t made no mention in his writings of 
the great nebula in Orion. His star catalogue, moreover, did 
not contain upward of 16 nebulous spots, of which the posi- 
tions were accurately determined. 
At length, in the year 1G66, Uuygens discovered the neb- 

* ** la primo integnim OrioniB conBtollutiouein piugore decreveram ; 

Bioiioin huuu iu uUuni occasioiiom dJMtuli. Ouin noii tautuiu in Gulaxia 
Lacteua ille caudur veluti albicantis nubia 8pectetui',*Bed eompluret eon' 
HmilU eoloris areola sparsitnper athera subfulgeanif si iu illurum, quam- 
libet specillum convertas, Btellarum constipatarum ccBtum offeudes. 
Amplius (quod magis mirabile) BtellsB, ab astronoinis singulis iu banc 
usque diem ndfulosa appellatie, stellarum mirum in modum consitaruni 
eregesBuut : ex quarum radiorum cunimixtione, dum uuaquaque ob ex- 
liitatem, seu maximam a uobis reniotiuuem, oculorum acioin I'ugit, can- 
dor illo cousurgit, qui deusior pars cculi, stellurum nut solis radios i-o- 
torquere valeus, liucusque creditns est." — Opere di Oalileo Qalilei, Pa- 
dova, 1744, torn, ii., p. 14, 15. ''At first I bad resolved to describe 
the whole constellation of Orion ; but the multitude of the stars and the 
want of leisure compelled me to postpone the undertaking till another 
occasion. Since not only in the Milky Way may be observed that brill- 
iancy as of a whitish cloud, but several areoles of a similar color are 
scattered through the firmament ; if you direct the glass to any one of 
them, you will meet with a host of clustered stars. Moreover, the stars 
(still stranger to say) which, by every astronomer, are to this day call- 
ed nebulous, are clusters of stars Ivmg close together in a wonderful 
manner, from the combination of whose rays (while they can not be 
separately distinguished by the eye on account of their minuteness, or 
their very &[reat distance from us^ arises tliat whiteness, which, from its 
capacity ofreilecting the rays or the stars or of the sun, has been hith- 
erto supposed to belong to a denser part of the atmosphere."— £fsie- 
reut Nuntiuif p. 13, 15 fNos. 19-21), and 35 (No. 66). ^ 

t Compare Cotmot^ vol. iii., p. 41. I also remember a vignette at the 
close of the introduction to Hovel's Firmameninm Sobeseianum, 1687, 
in which three senii are represented, two of whom ar^ making ob 
•ervations with HeveVs sextants. The third eenius is carrying a tele- 
scope which he appears to be worshiping, while those observing ex 
clami, PrtukU nudo oculo ! 
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bla in the liword of Orion, which ii bo important from its 
extent and form, and has become 8o famous from the num- 
ber and celebrity of its subsequent investigators.* Huygens 
was the means of inducing Picard (in 1676) to devote himseli 
diligently to the investigation of this nebulous body. Ed- 
mund Halley, during his sojourn in St. Helena in 1677, was 
the first to determine any of the nebulous spots belonging to 
portions of the southern heavens not visible in Europe, al- 
though his observations embraced only a very small number. 
The lively interest taken by the great Gassini (Jean Dom- 
inique) in all branches of contemplative astronomy, led him, 
toward the close of the seventeepth century, to a more care- 
ful exploration of the nebul» in Andromeda and Orion. He 
thought he could detect alterations in the latter since Huy- 
gens's observations, and that he '' had recognized stars in the 
former which could not be seen with telescopes of low pow- 
ers." There are reasons for regarding the assertion of an 
alteration of figure as a delusion ; not entirely so the exist- 
ence of stars in the nebula in Andromeda since the remark- 
able observations of George Bond. Gassini, moreover, con- 
jectured, on theoretical grounds, the possibility of such a res- 
olution of the nebula ; since, in direct opposition to Halley 
and Derham, he considered all nebulous spots to be very re- 
mote stellar swarms.f The faint mild efTidgence in Androm- 
eda was indeed, according to his opinion, analogous to, the 
zodiacal light, which he also conjectured to bo composed of a 
crowd of densely, thronged, small planetary bodies, t Lacaille's 
residence in the southern hemisphere (at the. Gape of Good 
Hope, and in the Isle of France and Bourbon, between 1750- 
1752), so considerably increased the number of known nebu- 
lous spots, that Struve has justly remarked, that from the ob- 
servations of this traveler more was known, at that time, of 

♦ 

* Haygons, Systema Saturniumt in his Opera variot Lugd. Bat, 1724, 
torn, ii., p. 523 and 593. 

t "Dans let deux nibuleutee d'Androtnede et d'Orion, j*ai va des 
^toiles qu'on n'aper^oit pos avec des luuettes communes. Nons no sn- 
vons pas si Ton ne poufrnit pas avoir des lunettes adsez grancles pour 
que toute la n6bulosit6 pOt se rdsoudreen cle plus potites ^toiles, oommo 
il arrive k celle du Cancer et du Sagittaire.*' " I nave seen st&rs in the 
nebula of Andromeda and Orion/' says Dominique Gassini, " which can 
not be recognized by ordinary instruments. We are ignorant wliethei 
telescopes may not be constructed of sufficient power to resolve the 
whole nebula into smaller stars, as has been done in the case of thtf 
nebtiloB in Cancer and Sagittarias.*'-r-Delambre, Miii, de VAtir, Mo 
4»me, lom. ii., p. 700 and 744. 

I Cotmot, voL i., p. 141, note. 
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the nebulous bodies of the southern hemisphere, than of those 
which were visible in Europe. Lacaille, moreover, success- 
fully attempted to divide nebula into classes according to their 
apparent configuration ; he also was the first to undertake, 
though with little result, the difficult task of analyzing the 
heterogeneous contents of the Magellanic C]ou4s (nubecula 
major et minor). If wo subtract the 14 nebulas, which, even 
with instruments of low powers, were perfectly resolved into 
true dusters of stars, from the other 42 isolated nebulous spots 
which Lacaille observed in the southern heavens, there re- 
main only 28, while Sir John Herschel, by the aid of more 
powerful' instruments, as well as greater skill and superior 
powers of observation, succeeded in discovering under the 
same zone, and also independently of clusters, as many as 
1500 nebulous spots. 

Devoid of personal knowledge or experience of the subject, 
and originally ignorant of each other's attempts, although 
both had very similar aims in view,*" Lambert (from 1749) 
and Kant (from 1755^ speculated with admirable sagacity on 
nebulous spots, detached galaxies, and sporadic nebulous and 
stellar islands scattered singly through the realms of space. 
Both inclined to the nebular hypothesis, and to the idea of a 
perpetual development in the regions of space, and even of a 
star-formation from cosmical vapor. The great traveler, Le 
Gentil (1760-1769), long before his voyages, and his unsuc- 
cessful observations of the transit of Venus, had imparted ani- 
mation to the study of nebul» by his observations on the con- 
stellations of Andromeda, Sagittarius, and Orion. He made 
use of an object-glass of Campani's, 37 feet in focal length, 
which was in the possession of the Paris Observatory. In 
entire opposition to the views of Halley, Lacaille, Kant, and 
Lambert, the intellectual John Michell declared (as Galileo 
and Dominique Cassini had done) that all nebula) were stel- 
lar clusters, aggregations of very minute or very remote tel- 
escopic stars, whose existence would undoubtedly be some 
day revealed by means of more perfect optical instruments.! 

* On tho community und dlfTorenco pf idons liotwoon Kant and 
Lamboi't, as well as iu rufuroace to tlie period of their publications, 
see Struve, Etudet d'Astr, Stellaire, p. 11, 13, 21, notes 7, 15, and 33. 
Kant's Ailgemeine Natur-OetchiefUe und Theoris des Himmeli appear- 
ed anonymously, and was dedicated to Frederick the Great, 1755. 
Lambert's Photomeiria, as already remarked, appeared in 1760 ; and 
his Sammlung kosmologUcher Briefe iiber die Einrichlung det WeU* 
bauett in 1761. 

t " Those nebuUe,'' says John Michell in 1767 (Philos. Transaei„y6l 
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Compared with the slow progress we have hitherto depicted, 
the knowledge ef nehuloas spots received a rich accession .of 
facts by the persevering industry of Messier. His catalogue 
of 1771 contains, afler deducting the older nebuln discovered 
by Lacaille and M6chain, 66 which had not been previously 
observed. He had the merit of doubling the numoer of the 
nebulous spots hitherto enumerated in both hemispheres, al- 
though his labors were carried on in the ill-supplied ObservaP 
toire de la Marine (Hotel de Olilgny).* 

To these feeble beginnings succeeded the brilliant epochs 
of the discoveries of William Herschel and his son. The for- 
mer began, as early as 1779, a regular exploration of the nu- 
merous nebulous masses with which the heavens are studded. 
These observations were made, with a seven-feet reflector. 
His colossal forty-feet telescope was completed in 1787; and 
in the three cataloguesf which he published in 1786, 1789, 
and 1802, he indicated the positions of 2500 nebulsB and 
clusters of stars. Until 1785, or almost as late as 1791, 
this great observer appears to have been more disposed, like 
Michell, Cassini, and the present Lord Rosse, to regard the 
nebulous spots which he was unable to resolve as very remote 
clusters of stars; but a prolonged consideration of the subject 
between 1799 and 1802 led him to adopt the nebular theory, 
as Halley and Lacaille had done, aild even, with Tycho Brahe 
and Kepler, the theory of a star-formation through the grad- 
ual condensation of cosmical vapor. The two hypotheses, 
however, are not necessarily connected.! The nebulous and 
stellar clusters observed by Sir William Herschel were sub- 
jected by his son to a renewed investigation from 1825 to 
1833 ; he also enriched the older catalogues with 500 new 
objects, and published in the Philosophical Transactions for 
1833 (p. 36^-481) a complete catalogue of 2307 nebuko and 
clusters of stars. This great work contains all that had been 
discovered in the heavens of Central Europe ; and in the five 
succeeding years (from 1834-1838) wo find Sir John Hor- 

Ivii., for 17C7, p. 251V "in which we can discovor cither none, or only 
a few stars, even wito the assistance of the best telescopes, are probably 
systems that are still more .distant than the rest.*' 

* Messier, in the Mim. de VAcadimie de$ Seieneeif 1771, p. 435, and 
in the Connaitsanee det Tempi pour 1783 et 1784. The whole catalogue 
contains 103 objects. 

t Philos. Traruact.t vols. lxzvi.,]xxix., and zcii. 

I '' The nebular hypothesis, as it has been termed, and the theory of 
sidereal aggregation, stand, in fact, quite independent of each other."* 
Sir John Herschel, OutlineB ofAtironomy, ( 872, p. 599. 
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Bchel engaged at the Cape of Good Hope in exploring the 
whole of the yisible' firmament with a coloMal twenty-feet 
reflector, and adding 1708 determinations of position to his 
previous catalogue of 2307 nebula and clusters of stars !** 
Only one third of the southern nebulsB and clusters of stars 
in Dunlop's catalogue (containing 629 nebulous bodies, ob- 
served from 1825-1827, at Paramatta, with a nine- feet re- 
flector, having a nine-inch speculumf) were inserted in Sir 
John HerscheFs work. 

A third great epoch in our knowledge of these mysterious 
cosmical bodies commenced with the construction of the mar- 
velous fifly-three feet telescopef of the Earl of Rosse, at Far- 
sonstown. All that had ever been advanced on either side 
of the question, during the long fluctuation of opinions in the 
diflierent stages of the development of cosmical contemplation, 
was now made the subject of keen discussion in the contest 
regardmg the nebular hypothesis and its assorted untonabil* 
ity. It appears, from all the notices I have been able to col- 
lect from the works of distinguished astronomers long accus- 
tomed to the observation of nebulous spots, that out of a largo 
number of nebulas indiscriminately taken from among all the 
classes contained in the catalogue of 1833, and regarded as 
irresolvable, almost all (Dr. Robinson, the Director of the Ar- 
magh Observatory, enumerates morQ than 40 such) have been 

perfectly resolved. i Sir John Herschel maintains the same 
• 

* The numbers which I here give inclade the- objects enamerated 
from Nos. 1 to 2307 in the. European, Northern Catalogue of 1833, and 
those from Nos. 2308 tp 4015 in the African, Southern Catalogue. — 06- 
$ervation$ at the Cape, p. 51-128. 

t James Dunlop, m the Philos. Traneaet, for 1828, p. 113-151. 

t Compare Cosmoa, vol. iii., p. 65, and note. 

$ See An Account of the Earl of Rosse*$ great Teleecope, p. 14-17, 
which gives a Ibt of the uebulie resolved by Dr. Robinson and Sir James 
South in March, 1845. ** Dr. Robinson could not leave this part of his 
subject without culling attontiou to the fact that no real nebula seemed 
to exist among so many of these objects chosen without any bias : all 
appeared to be clusters of stars, and every additional one which shall be 
rosolvod will bo nn additional nrguuioat aguinst the uxislonce of any 
such."— Scliuuiachor, Astr, Nachr,, No. 53G. lu tho Notice aur lee 
grands Tileacopet de Lord Ozmantown^ aujourd*hui Earl of Roese (Bib' 
Iwthique Universelle de Oenive, tom. Ivii., 1845, p. 342-357), we find the 
following passage: *' Sir James South rappelle que jamais il n'a vu de 
repr^entations sid^riules aussi maguificiues que chiles que lui offrait 
I'instrument de Pursonstowu; qu'une bonne partie des n^buleuses se 
pr^sentaient comme des amas ou groupes d'^toiles, tandis que quelqnes 
autres, k ses yeux du moius, n'offraient aucune apparence de resolution 
* en dtoiles.'' '* Sir James South remarks that he never beheld more mag- 
nificent representations of the stars than those he saw in the Parsons* 
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view, as well in his opening address before the British Asso* 
ciation at Cambridge in 1845, as in the Outlines ofAstrofi' 
omy, 1849, where he expresses himself as follows : ** The 
magnificent reflecting telescope constructed by Lord Rosse, 
six feet in aperture, has resolved or rendered resolvable mul-. 
titudes of nebulte which had resisted aU inferior powers. . . • 
Although, therefore, nebulra do exist which, oven in this pow« 
erful telescope, appear as nebulos, without any sign of resolu« 
tion, it may very reasonably be doubted whether there be 
really any essential physical distinction between nebulra and 
clusters of stars."* 

The constructor of the powerful optical apparatus at Par- 
sonstown, who always discriminates between the result of act- 
ual observation and the promises of a knowledge to which 
we hope to attain, expresses himself with much caution re- 
garding the nebula in Orion, in a letter to Professor Nicholj 
of Gla8gow,t dated Parsonstown, 19th of March, 1846 : '' In 
accordance with my promise of communicating to you the 
result of our examination of Orion, I think I may safely say; 
that there can be little, if any, doubt of the resolvability of 
the nebula. Since you left us, there was not a single night 
when, in absence of the moon, the air was fine enough to ad- 
mit of our using more than half the magnifying power the 
speculum bears ; still we could plainly see that all about the 

town teledcope, nnd that n ffredt numbor of noliulro opnoarod like oltti- 
terft or groups of stnrs, whilo others, at least to his sigrit, presented no 
appoamnce of resolution.'' 

^ See Outlinei, p. 597, 598 ; also the Report of the Fijieenth Meeting 
of the BritUh AstoeieUion held at Cambridge in June, 1845, p. xxxvi. : 
" By far the major part," says Sir John Herschel, *' probably, at least, 
nine tenths of the nebulous contents of the heavens, consist of nebulo) 
of spherical or elliptical forms, presenting every variety of elongatjon 
and central condensation. Of these a great number have been resolved 
into distant stars (by the reflector of tlie Earl of Rosse), and a vast mul- 
titude more have been found to present that mottled appearance which 
renders it almost a matter of certainty that an mcrease of optical pow- 
er would show them to be similarly composed. A not unnatural or un- 
fair induction would therefore seem to be, that those which resist such 
resolution do so only in consequence of the small ness and closeness of 
the stars of which tney consist; that, in short, thev are only optically, 
and not physically nebulous. Although nebuls ao. exist which, even 
in this powerful telescope (of Lord Rosse). appear as nebuls, without 
any sign of resolution, it may very reasonably bo doubted whether there 
bo really any essential physical distinction between nebulu nnd clat- 
ters of stars.'' 

t Dr. Nichol, Professor of Astronomy at Glasgow, published the let- 
ter above referred to in his Thoughts of tome Important Pointt r^aUUing 
to the Sfttem of the World, 1846, p. 55. . , 
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trapezium is a .mau of stars, the rest of the nebulse als< 
abounding with stars, and exhibiting the characteristics of re* 
solvability strongly marked." •. At a subsequent period (1848^ 
Lord Eosse had not announced that his expectations had as 
yet been fulfilled, although he. cherished the hope of being 
able to resolvp the remaining portion of the nebula into stars. 

When we separate the results of actual observation from 
those of more inductive conclusions in this much-disputed 
question of the existence or non-existence of a self-luminous, 
vaporous matter in the universe, we find that although the 
increasing improvements in telescopic vision may indeed con- 
siderably dijtninish the number of nebuls, they can not by any 
means wholly exhaust them. By the application of increas- 
ing powers, each new instrument may resolve what the pre- 
ceding ones had lefl unresolved, but it must, at the same time, 
in consequence of its greater powers of penetrating space, re- 
place (at least partially) the resolved nebulcs by others not 
previously reached.*' A resolution of the older, and the dis- 
covery of new i^ebulcD, would therefore follow one another in 
endless succession, as the fruit of increased optical power. 
For if we suppose a difierent result, we must either, accord- 
ing to my view, assume the occupied regions of space to be 
limited, or that the world-islands, to one of which our system 
belongs, are so remote from each other that no telescopic in- 
strument can ever be invented of sufficient power to penetrate 
to the confineB of any other of these worlds, and that our last 
or extremest nebula) may resolve themselves into clusters of 
stars, which, like t)ie stars in the Milky Way, *' are projected 
on a black ground entirely free from vapor."t But can we 
believe in the probability of a 'condition of the universe, and 
of a degree of perfection in optical instrume* its, in which the 
entire firmament will no loiiger exhibit any unresolved neb- 
ulous spots? 

The hypothetical assumption of a self-luminous fluid, ap- 
jpearing, when sharply defined, in round or oval nebulous spots, 
must not be confounded with the equally hypothetical as- 
sumption of a non-luminous ether pervading the universe, and 
generating by its undulatory motion the phenomena of light, 
radiant heat, and electro-magnetism.^ The emanations from 
cometary nuclei, which, in the form of tails, frequently extend 
over enormous tracts of space, disperse the substance of which 
they are composed — and with which we are unacquainted^ 

\ * CoxxvpSiV^ Edinburgh RwieWt\oV Izxxvii., 1848, p. 186. 
S Cosmot, vol. iii., p. 144, aud note, t Ibid., p. 34. 
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unong the planetary orbits of our solar system, which they 
intersect. But when separated from the controlling nucleus, 
this substance ceases to be perceptibly luminous. Newton 
even considered it possible that vapores ex sale et stcUisJkds 
et caudis cometarum, " vapors from the sun, the stars, and 
tho tails of comets," might blend with our terrestrial atmos- 
phere.* No telescope has as yet indicated any sidereal char- 
acter in the vaporous, rotating, and flattened ring of the zodi- 
acal light. Whether the particles of which this ring consists, 
and which, according to some, are conceived to rotate upon 
themselves in obedience to dynamic conditions, and, accord- 
ing to others, merely to revolve round the Sun, are illumined 
or self-luminous, like many kinds of terrestrisd vapors, t is a 
question as yet undecided. Dominique Cassini believed them 
to bo small planetary bodies.) It seems as if it were a re- 
quirement of the human intellect to soek in all fluid bodies 
for discrete molecular particles, { similar to the full or hollow 
vesicles of which clouds are formed ; while the gradations in 
the decrease of density in our planetary system, from Mercury 
to Saturn and Neptune (from 1*12 to 0*14; the Earth being 
r=l), leads the mmd to the consideration of comets, through 
the external layers of whose nuclei even a faint star contin- 
ues visible, and finally to that of discrete particles, so deficient 
in density that their solidity, either within large or small di- 
mensions, can scarcely bo characterized, except by tho limits 
which bound them. It was by such considerations as to the 
constitution of the apparently vaporous zodiacal light that 
Cassini, long before the discovery of the so-called smaller plan- 
ets between Mars and Jupiter, and prior to all conjectures re- 
garding meteor-asteroids, was led to the idea that there exist 
cosmical bodies of all dimensions and all degrees of density. 
We here almost involuntarily touch upon the old metaphys- 
ical controversy regarding matter of primitive fluidity and 
that composed of discrete molecular particles, and therefore 
more amenable to mathematical treatment. From hence we 
turn the more readily to our former consideration of the pure- 
ly objective part of the phenomenon. 

In the 3926 (2451 + 1475) positions which belong, a. to 
the portion of tho firmament visible at Slough, and which we 
shall here, for the sake of brevity, term the northern heav- 
ens, according to tho three catalogues of Sir William Herschol 

* Newton, Philot. Nat, Principia Maihetnaliea, 17G0, torn, iii., p. 671 
f Cotnun, vol. i., p. 141. t Ibid., p. 140 

$ Observ€Uiont at the Cape, ( 109-111. 

Vol. IV.— B 
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from 1786 to 1802, and the abovo-named great exploration 
of the heavens published by his son in the Philos. Transact, 
of 1833 ; and b, to the portion of the soutliern heavens visi- 
ble at the Cape of Good Hope, according to Sir John Her- 
sphers African Catalogues, nebula and clusters of stars are 
set down indiscriminately together. I have, however, deemed 
it best, notwithstanding the natural affinitv of these objects, 
to enumerate them separately, in order to mdicato a deilnito 
epoch in the history of their discovery. I find that the North- 
crn Catalogue*' contains 2299 nebulas and 152 clusters of 
stars ; the Southern or Cape Catalogue, 1239 nebulas and 
236 clusters of stars. We have, therefore, 3538 for the num- 
ber of the nebulas throughout the firmament which were given 
in these catalogues as not yet resolved into clusters. This 
number may, perhaps, be increased to 4000, if wo take into 
account 300 or 400 seen by Sir William Herschol,! but not 
again determined, and the 629 observed by Dunlop at Para- 

* The data on which tliese numbers are based reqnire some expla- 
nation. The tlirce catulogucs of thu elder lleiiichol contuiu 2500 objucts, 
viz., 2303 uobulau and 197 clusters of stars. (Miidlor, ij«/r., p. 448.) 
These numbers were altered in the subsequent und iur more exact ex- 
ploration made by Sir John Herschel (Observations of NebulsB and Olus- 
ters of Stars maae at Slough with a twenty-feet reflector, between the 
years 1825 and 1833, in the Philotophical Transactiom of the Royal 
Society of London for the year 1833, p. 365-481). About 1800 objects 
were identical with those of the three earlier catalogues ; but 300 or 400 
were temporarily excluded, and more than 500 newly discovered werq 
determined according to Uight Ascension and Decfinutiou. (Struve, 
Attr* SteUairCf p. 48/) The Northern Catalogue contains 152 clusters 
of stara, consequently 2307 — 152=2155 nubuliu ; but, in reference to 
the Southern Catalogue (OOtervations at the Cape, p. 3, $ G, 7), we have 
to subtract from thu 4015 — ^2307=1708 objects, among which there are 
236 clusters of stars (see Op. cit., p. 3, $ 6, 7, p. 128), 233, viz., 89-|- 
1354-9, as belonging to the Northern Catalogue, and observed by Sir 
William and Sir Junn Herschel at Slough, and by Messier in Paris. 
There remain, therefore, for the Cape observations, 1708 — 233=1475 
uebulm and clusters of stars, or 1239 nebulu} alone. We have, how- 
ever, to add 135-{-9=144 to the 2307 objects of the Northern Slough 
Catalogue, which increase its numbers to 2451 objects, in which, after 
8ubti*acting 152 clustui'S, there reiuiiin 229!) nebultu, a number which 
is not, however, very strictly limited to the latitude of Slough. Whon 
numerical relations are to be given in the to[)ogranhy of the firmament 
of both hemispheres, the author feels that altbough such data are from 
their nature variable, owing to the difierences in the epochs and the 
advances of observation, he is bound to have regard to their accuracy. 
In a sketch of the Cosmos, it must be endeavored to delineate the con- 
dition of science appertaining to a definite epoch. 

t Sir John Herschel says, in his Observatiom at the Cape, p. 134, 
' There are between 300 and 400 nebulm of Sir William HerscheVs Oat' 
aluguo still uitobRerved by me ; for the most part, very faint objects '* 
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matta, with a nine-inch Newtonian reflector, of which Sir 
John Herschel included only 206 in his catalogue.*' Simi- 
lar results have recently been published b^ Bond and M&d- 
ler. The number of nebulsB, compared with that of double 
stars, appears, therefore, according to the present condition 
of science, to be in the ratio of 2 : 3 ; although H must not 
be forgotten that under the designation of double stars are 
included those which arc merely optically double, and that 
hitherto alterations of position have only been observed in a 
ninth, or perhaps but an eighth portion of the whole number. f 

The above numbers — 2299 nebulsB, with 152 clusters of 
stars, in the Northern, and only 1239 nebulsB, with 236 clus- 
ters of stars, in the Southern Catalogue — show that the south- 
em hemisphere, with a smaller number of nebulro, possesses 
a preponderance of clusters of stars. If we assume that all 
nebulsB are, from their probable constitution, resolvable, as 
merely more remote clusters of stars or stellar groups, com- 
posed of smaller and less thronged, self-luminous celestial bod- 
ies, this apparent contrast (whose importance has been the 
more noticed by Sir John Herschel^ in consequence of his 
having employed reflectors of equal powers in both hemi- 
spheres) indicates, at least, a striking difl'erence in the nature 
and cosmical position of nebulsB, that is to sav, in reference 
to the directions in which they present themsdyes to the ob- 
servation of the inhabitants of the earth in the northern or 
southern firmament. 

We owe to the same great observer our first accurate knowl- 
edge of, and cosmical survey of, the distribution of nebuloo and 
groups of stars throughout the entire heavens. With a view 
of investigating their position, relative local accumulation, 
and the probability or improbability of their being arranged 
in accordance with certain characteristic features, he classi- 
fied between three and four thousand objects graphically, in 
divisions, each embracing a space measuring 3° Declination 
and 15m. Right Ascension. The greatest accumulation of 
nebulous spots occurs in the northern hemisphere, where they 
are distributed through Leo Major and Leo Minor ; the body, 
tail, and hind feet of the Great Bear ; the nose of Gamelo- 
pardalus ; the tail of the Dragon ; Canes Yenatici ; Coma 
Bei unices (where the north pole of the galaxy is situated) ; \ 

• Op. eii.f $ 7. Oomparo Dunlop's Cat. of Ndnila and Clutt^rt of 
He Southern HemUphere^ in tho Phtlot. Transact, for 1828, p. 11 4-14 ti 
t CosmoSf vol. iii., p. 200. t Observations at the Cape, $ HS-IUT. 
^ lu the Cosmos, vol. iii., p. 144. lines 5 and 6 from tlio top, by an 
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the right foot of Bootes ; and more especially through the 
head, wings, and shoulder of Virgo. This zone, which has 
been termed the nebulous region of Virgo, contains, as al- 
ready stated,* one third of all the nebulous bodies in a space 
embracing the eighth part of the surface of the celestial hem- 
isphere. It does not stretch far beyond the ecliptic, extend- 
ing only from the southern wing of Virgo to the extremity 
of Hydra and to the head of the Centaur, without reaching 
its feet or the Southern Gross. A less dense accumulation 
of nebulsd in the northern hemisphere, which extends further 
south than the former, has been named by Sir John Herschel 
the nebuhus region of Pisces, It forms a zone, beginning 
with Andromeda, which it almost entirely incloses, stretch- 
mg beyond the breast and wings of Pegasus, and the band 
uniting the Fishes, and extending toward the southern galac- 
tic pole and Fomalhaut. A striking contrast to these accu- 
mulations presents itself in the barren region lying near Per- 
seus, Aries, Taurus, the hcoil and chest of Orion, around Au- 
riga, Hercules, Aquila, and the whole constellation of Lyra.f 
If wo divide uU the nebulu) and clusters of stars contained 
in the Northern Catalogue (of Slough), and classified accord- 
ing to Right Ascension (as given in Sir John Herschers Olh 
servations at the Cape), into six groups of four hours each, 
we obtain the following result : 



U.Asc. Oh. 4h 311 

4 8 .... 179 
8 12 606 



E.Asc.l2h. 16h 850 

16 20 .... 121 
20 239. 



By a more careful separation, according to Northern and 
Southern Declination, we find that in the six hours* Right 
Ascension from 9h. — 15h., there are accumulated 1111 neb- 
ula and clusters of stars in the northern hemisphere alone, 
viz. \t 



From 9h. lOh 90 

10 11 150 

11 12 251 



Froml2h. 13h 309 

13 14 181 

14 15 130. 



error of the press, the words ioutk pole and north pole have been con- 
founded. 

* " In this region of Virgo, occupying about one eighth of the whole 
surface of the sphere, one third of the entire nebulous contents of the 
heavens are congregated." — Outlines, p. 596. 

t In reference to this barren region, see Observations at the Cape, 
^ 101, p. 135. 

X I have based these numerical data on a computation of the numbers 
yielded by the projection of the northern heavens as given in Observet' 
tions at the Cape, pi. xi. 
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The actual northern maximum lies, therefore, between 
12h. and 13h., v^ry near the north galactic pole/ Beyond 
that point, between 15h. and 16h. toward Hercules, the dim- 
mution is so rapid that the number 130 is followed directly 
by 40. 

The southern hemisphere presents not only a smaller num- 
ber, but a far more regular distribution of nebulro. Regions 
destitute of nobuloo hero frequently alternate with sporadic 
nobulco. An actual local accumulation, more dense, indeed, 
than the nebulous region of Virgo in the northern heavens, 
occurs only in the Great Magellanic Cloud, which alone con- 
tains as many as 300 nebulro. The immediate polar regions 
of both hemispheres are poor in nebulro, and to a distance of 
15^ the Southern Pole is still more so than the Northern, in 
the ratio of 4 to 7. The present North Pole exhibits a small 
nebula, only 5 minutes* distance from it, while a similar neb- 
ulous body, which Sir John Herschel has aptly named Nebula 
polarissima Australis (No. 3176 of his Cape Catalogue^ E,. 
A. 9h. 27m. 56s. ; N. P. D. 179° 34' 14"), is situated at a dis- 
tance of 25 minutes from the South Pole. This paucity of 
stars in the south polar region, and the absence of any pole- 
star visible to the naked eye, were made the subject of bitter 
lamentation by Amerigo Vespucci and Vicente Yaiiez Pinzon, 
when, at the close of the fiileenth century, they penetrated 
far beyond the equator to Gape San Augustin, and when the 
former even expressed the erroneous opinion that the fine 
passage of Dante, " lo mi volsi a man dcstra, e jwsi mcnte 

" and the four stars described as " no9i viste ntai 

fuorch* alia prima gente,** referred to antarctic polar stars* 

* Humboldt, Examen Critique de Vlfiti. de la OSographie, torn, iv., p. 
319. Tho Venetian Cadiimosto (more properly culled Alvise dn On ua 
Mosto) first turned bis attention to tbe discovery of the fwnition of o 
south polur star when in company with Antoniotto Uitodimare, nt the 
moutli of the Senegal, in 1454, in the course of one of the many voy- 
ages in which the Portuguese engaged, under the auspices of the In- 
fante Don Henrique, for the purpose of advancing along the western 
shores of Africa, beyond the equator. *' While 1 still see the north 
polar star,'' he writes, bein^ then in about 13^ north latitude, " I can 
not see the south polar star itself, but the constellation which I perceive* 
toward the south is the Carro del ottro (wagon of the south). (A1oysi% 
Cadam, Navig,, cap. 43, p. 32 ; Ramosio, Delle Navt^ationi et Viaggi, 
vol. i., p. 107.) Could he have traced the figure of a wngon anions 
some or the larger stars of the constellation Argo 7 The idea that both 
poles had a constellation of the " Wain*' or wagon np|>carB to Iinve been 
BO universal in that a^e, that there is a drawing of a constellation per* 
fectly similar to Ursa Minor, supposed to have been seen by Gadamosto, 
both in the lUnerarium PortugallenH, 1508, fol. 23, 6, and in Grynnua 
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We have hitherto considered nebuls in reference to thcui 
number and their distribution in what we call the firmament 

(Novum Orbit, 1532, p. 58) ; while Ramusio (Navigationi, vol. i., p. 107), 
and the new CoUeeqao de Noticiat para a Hist, e Oeog. doi Na^et Ultra- 
marinas (torn, ii., Lisboa, 1812, p. 57, cap. 39), in the place of the for- 
mer, give an equally arbitrary drawing of the Southern Orosa. (Hum* 
boldt, .£d;amei» Crii, de VHist. de la O6ogr., torn, v., p. 236.) Since, in 
the Middle Ages, and probably for tho sake of replacing the two Dan- 
cers, ;i^opevTai, of Hyginus {Poei.Astron.f iii., 1), t . e., the LuderUes of the 
Scholiast of G^rmanicus, or the Custodes of Vegetius in the Lesser Wain, 
the stars P and y of Ursa Minor had been denominated the Guards, le 
due guardie, of the neighboring north pole, on account of their rotation 
round that point, and as this designation, as well as the habit of determ- 
ining polar altitudes by these Guards (Pedro de Medina, Arte de Nave- 
gar, 1545, lib. v., caps. 4-7, p. 183-195), was familiar to the European 
pilots of all nations m the northern seas, so erroneous conclusions led 
men to believe from analogy that they could recognize in the southern 
horizon the polar star whicn had so long been sought for. It was not 
until Amerigo Vespucci's second voyngo (from May, 1499, to Septom- 
l)or, 1500), when ho and Vioeuto Yanoz I'inzon (both voyages are por- 
imps ouo and the samu^ advauuoil as fur in tho sou thorn humisnlioro 
us Capo San Aiigustiii, tiiut tlioy dovoto<1 tlionisolvos diliguntly, out to 
no piirpoHO, to tho Hoiirch for u viHiblo star in tho immudiiito vicinity of 
tliu Soiitli I'olo. (Hiiiidini, Vita e Lcttere di Amerigo Vespucci, 1745, p. 
70; Anghiora, Oceanica, 1510, dec. i., lib. iz., p. 9G; Humboldt, Exa- 
men. Crit., torn, iv., p. 205, 319, 325.) The South Pole was then situ- 
ated within the constellation Octans, so that ft of Hydrus, if we' follow 
the reduction of Brisbane's Catalogue, had still a southern declination 
of fully 80^ 5', " While I was engaged in observing the wonders of the 
southern heavens, and in vainly seeking for a pole-star, I was remind- 
ed," says Vespucci, in his letter to Pietro Francesco de' Medici, " of an 
expression made use of by our Dante, when, in the first chapter of the 
Purgatorio, he depicts a presumed passage from one hemisphere to the 
other, and iu describins the Antarctic Pole, says. To mi volsi a man des- 
tra In my opmion, the author intended in these verses to in- 
dicate the pole of the other firmament by his four stars {nan viste mai 
fuorch^ alia prima genie), lam the more certain of this, because I act- 
ually saw four stars, which tO£;ether formed a lozenge, and had a slight 
(7) movement." Vespucci re^rs to the Southern Cross, la eroce mara- 
vigliosa of Andrea Corsali (Letter from Oocbin, dated January 6, 1515, 
in Ramusio^ vol. i., p. 177), whose name he did not then know ; but 
which subsequently served to mark to all pilots the position of the South 
Pole (u-*/? and y Urs. Min. indiuaited the North Polo. {Mim. da VAcad. 
dcs Sciences, I(i0(>-IG99. toin. vii., |NUt 2. Paris. 1729, p. 58.) This 
coiiHtcIIalioii also served ftn* dulennniations of latitude. (I'cdro do Mo 
dina. Arte de Navegar, 1545, lib. v., cap. xi., p. 204.) Coin|)are my in- 
vestigation of tliu celubnited passage of Dante in the Examen Critm 
de VHist. de la Oiogr., torn, iv., p. 319-334. I there drew attention to 
the fuct that a of tlio Southern Cross, which was carefully observed in 
modern times by Dunlop (1826), and by RQinker (1836) at Paramatta, 
is one of those sbirs whose multiple nature was Hrst rcc(t*(iiize(1 iu 1681 
and 1687 by the Jesuits Fontanuy, No^l, and Uichaud. {Hist, de VAcad. 
dep. 1686-1699, tom. ii., Par., 1733, p. 19; Mim deC Acad, dep, 1666- 
1699, tom. vii.. 2, Par., 1729, p. 206 ; LeUres idijiantes, recueil vii., 1703, 
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apparent distribution which must not, however, bo con- 
founded with their actual distribution through the regionp of 
space. We now, therefore, proceed to the consideration of 
the remarkable difierences presented by their individual forms, 
which are either regular (globular, more or less elliptical, an- 
nular, planetary, or resembling the photosphere surrounding 
a star) or irregular, and almost as diflicult to classify as those 
of tho aggregated aqueous vapor of our atmosphero — the 
clouds. Tho elliptical (spheroidal) form* has boon regarded 
as tho normal type of ncbulro ; this form is most readily re- 
solved into clusters of stars when it assumes a globular shape 
in the telescope ; but when, on the other hand, with instru- 
pients of equal powers, it appears much flattened, elongated 
in one dimension, and discoidal, it is less easy of resolution.! 
Gradual transitions of form from the round to the elongated, 
elliptical, qr awl-shaped form, are of frequent occurrence in 
the heavens. {Philos, Transact.^ 1833, p. 494, pi. ix., figs. 
1 9-24.) The nebula is always condensed around one or more 
central points (nuclei). It is only by a discrimination between 
roimd and oval nebidce that we recognize dotible nebuka ; for 
as no relative motion is perceptible among the individual neb- 
ulous bodies, either in consequence of its absence or its ex- 
treme slowness, we are deficient in a criterion by which to 

B. 79.} This onrly roco^iiition of binary RystomR, long boforo tlint of { 
^nm Nff\). (Cottnot, vol. iii., p. 185}, is the more roiunrknblo, im liiiofiillo, 
eovonty voara later, did not doscriue a Oniois ns a doable star; porlmps 
(ns RQmkor conjocturoB), becauBo tho main star and tho companion were 
thon not Budlciontly distant from each othor. (Oomparo Sir John Ilor- 
schol, ObservcUiant at the CapCf $ 183-185.^ Uichaud also disco vorod 
the binary character of a Contanri almost simultaneously with that of a 
Crucis, and fully ninotoon years before the voyage of Foaill6e, to whom 
Henderson erroneously attributed the discovery. Richaud remarks 
" that, at the time of the comet of 1689, the two stars which form tho 
double star a Crucis were al^a considerable distance from each other; 
but that in a twelve-feet refractor both parts of a Oentauri could be dis' 
tinctly recognized, and appeared to be nearly in contact 
* UbserveUions at the Cape, $ 44, 104. 

t CotmoSf vol. iii., p. 140, and note. As we have ahready remarked in 
reference to clusters of stars (Ibid,, p. 143), Mr. Bend, of the United 
States, succeeded, by means of the great space-penetratiuff iiower of 
his refractor, in completely resolving the very elongated, elliptical neb- 
ula of Andromeda, which, according to Bonillaud, had been already 
described before the time of Simon Marius in 985 and 1428. It has a 
reddish light. Near this celebrated nebula lies the still unresolved, 
but very similarly shaped nebula, discovered on the 27th of August, 
1783, by my honored friend. Miss Caroline Herschel, who died at an 
advanced age, universally esteemed. {Philoe, TraneaeU, 1833, No. 61 
of tlie Catalogue of Nebula}, fig. 52.) 
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prove the existence of a mutual relation between the two» aa 
in distinguishing between physically and merely optically 
double stars. Figures of double nobulso are given in the 
Philos, Transact, for the year 1833, figs. G8-71. Comparo 
also Hersohel, Outlines ofAstr., i 878 ; Observ, at the Cape 
of Good Hope, } 120. 

Annular nebulaa are of the rarest occurrence. According 
to Lord Eosso, wo arc acquainted with seven of theso bodies 
in the northern hemisphere ; the most celebrated of these is 
situated between j3 and y Lyne (No. 57, Messier ; No. 3023 
of Sir John Herschers Catalogue), and was discovered in 
1779 by Darquicr at Toulouse, when Bode's Comet passed 
near it. Its apparent size is nearly equal to that of Jupiter's 
disk, and its form is an ellipse, whose greater and lesser axes 
are in the ratio of 5 to 4. The interior of the ring is not 
black, but somewhat illumined. Sir William Herschel dis- 
covered some stars in the ring, which has since been entireljf 
resolved by Lord Hosse and Mr. Bond.* The splendid an- 
nular nebulte oif the southern hemisphere, numbered 3680 and 
3G86, appear, on the contrary, ])orlcctly black in the interior 
of the rings. The last-named of the two is not elliptical, but 
perfectly round ;t all are probably annular clusters of stars. 
The increasing power of optical instruments appears, more- 
nvcv, generally to render the contour of both elliptical and 
annular nebulte less defined ; thus, for instance, Lord Rosse's 
colossal telescope exhibits the annular nebula of Lyra in the 
form of a simple ellipse, with remarkable divergent, thread- 
like nebulous appendages. The transformation eilected in a 
nebulous spot — Lord llosse's Crab nebula — which appears in 
instruments of inferior power to be a simple elliptical body, 
is particularly striking. 

The so-called planetary nebulsB, which were first observed 
by the elder Herschel, and which rank among the most re- 
markable phenomena of the heavens, although of less rare 
occurrence than annular nebulsD, do not number, according 
to Sir John Herschel, more than 25, of which nearly three 
fourths lie within the southern hemisphere. These bodies 
present the most striking resemblance to planetary disks ; the 

* ** Annular Nebula." — Observations at the Cape, p. 53 ; Outlines of 
Astr.f p. 602. " Nibulcuse perforce.** — Arago, in the Annuaire for 1842, 
p. 423; Bond, in Schum., Asiron, Nachr., No. 611. 

t Observations at the Cape, p. 114, pi. vi., figs. 3 and 4. Compare 
also No. 2072 in the Philos. Transact, for 1833, p. 466. See Nichol, 
Thoughts on the System of the World, p. 21, pi. i v., and p. 22, yx. i. 
fig. 5. 
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greater number are round, or soxnewliat oval, and either 
sharply defined, or indistinct and vaporous at the xnai^ins. 
The disks of many of these nebulro present a very uniform 
light, whilo others appear mottled, or of a pecuHar texture 
as if curdled. No trace of condensation round a central point 
has ever been observed. Lord Rosse has recognized Gyo plan- 
etary nebulous spots to be annular nebuls, having one or two 
central stars. The largest of these planetary nebulae is sit- 
uated in the Great Bear (near j3 Ursee Maj.), and was discov- 
ered by M^chain in 1781. The diameter of the disk* is 2' 
40''. The planetary nebula in the Southern Gross (No. 3365, 
Observations at the Cape, p. 100), with a disk having a di- 
ameter scarcely equal to 12'', exhibits the brightness of a star 
of the 6 '7th magnitude. Its light is indigo- blue, and the 
same color, which is very remarkable in ncbulsB, is observed 
in three other objects of the same form, although in the lat- 
ter the blue is less intense.f The blue color of some plan- 
etary nebuloD does not militate against the possibility of their 
being composed of small stars ; for we find blue stars not only 
as the individual members of a pair of double stars, but even 
stellar clusters composed entirely of blue stars, or of the lat- 
ter interspersed with small red and yellow stars4 

The question whether planetary nebulee are very remote 
nebulous stars, in which our telescopic vision is unable to rec- 
ognize the difference between a luminous central star and the 
vaporous envelope surrounding it, has already been considered 
in the beginning of my Delineation of Nature. i Would that 
Tiord Eo8se*s colossal telescope might finally be the means of 

* If we consider the planetary nebula in the Great Bear to be a 
sphere having an apparent diameter of 2' 40'', *' and assume its distance 
to be equal to the known distance of 61 Oy^ni, wo shall obtain an ac^ 
ual diameter for tlie sphere, which is seven times greater than the orbit 
described by Neptune." — Outlinet, $ 876. 

t OtUlinet, p. 603 ; Obtervationi at the Cape, $ 47. There is an or- 
ange-red star of the eighth magnitude in the vicinity of No. 3365 ; but 
the planetary nebula retains its deep iudigo-bluo color when the red 
star IS not in tlie field of the telescope. The color is, therefore, not the 
eflect of contrast. 

X Cosmos, vol. ill., p. 13G, 208, and note. The companion and tho 
main star aro blue, or bluish, in more than 63 double stars. Indigo- 
blue stars aro intermixed in tho splendid, many-colored clusters of stars. 
No. 3435 of the Gape Catalogue (Dunlop's Catalogue^ No. 301). An en- 
tirely uniform blue cluster of stars is observed in the southern heavens 
(No. 573 of Dunlop ; No. 3770 of Sir John Horscliol^. This cluster has 
a diameter of 31', with prolongations measuring 8' in length ; the start 
are of the 14th and 16th magnitude. {Observations at the Cape, p. 119.) 

f Cosmos, vol. i., p. 85, and note. Compare OnUines, ^ 877. 

B2 
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elucidating the nature of these remarkable planetary vapor 
ous disks ! Although there is considerable difficulty in ao* 
quiring a clear concoption of the complicated dynamic condi* 
tions under which, in a globular or spheroidally flattened stel* 
lar cluster, the rotating crowded suns, whose speciflc density 
is greater toward the center, constitute a system of equilibri- 
um ;* this difficulty increases still more in those circular, 
well-defined, planetary nebulous disks which exhibit a per- 
fectly uniform brightness, without any increase of intensity to- 
ward the center. Such a condition seems to depend less upon 
sphericity of form (the state of aggregation of many thousand 
small stars) than on the existence of a gaseous photosphere, 
which is supposed, as in our Sun, to be covered with a thin, 
untransparent, or very faintly illuminated stratum of vapor. 
Does the light in the planetary nebulous disk appear to be 
thus uniformly diffiised simply in consequence of the great 
distance, whicli causes the cUiTorence between the center and 
the margins to disappear ? 

The fourth and last order of regular nebula) comprises Sir 
William Horschers nebulous stars^ i. e., true stars surround- 
ed by a milky nebula, which is very probably connected with, 
and dependent upon, the central star. Very diflerent opin- 
ions exist as to whether the nebula, which, according to Lord 
Rosse and Mr. StoneVi appears to be perfectly annular in some 
of these groups {Philos, Transact, for 1850, pi. xxxviii., figs. 
15 and 16), is self-luminous, forming a photosphere like our 
Sun, or whether (which, however, is less probable^ it is sim- 
ply illumined by the central Sun. It was the opinion of Der- 
ham, and to some extent also of Lacaille, who discovered 
many nebulous stars at the Gape of Qood Hope, that the stars 
were situated far from the nebul® on which they were pro- 
jected. Mairan appears (1731) first to have expressed the 
view that nebulous stars are surrounded by an atmosphere of 
light appertaining to them.f We even find that some of the 
larger stars (of the 7 th magnitude, for instance, as No. 675 

* On tlie dovelopmeut of tlio dynamic relations mauifosted in the 
partial attractions in the interior of a globular cluster of slars, which ap- 

Sears in a telescope of weak power as a round nebula increasing m 
eusity toward the center, see Sir John Herschel, in Outlines of At- 
tronomyt $ 866 and 872; Observationt at the Cape, $ 44, 111 to 113; 
Philos. Transact, for 1833» p. 501; Address of the President in the 
Report of the Fifteenth Meeting of the British Association, 1845, p. 
xxxvii. 

t Mairan, TraitS de VAurore Boriale, p. 263 ; Arago, in the Annuain 
for 1842, p. 403-413. 
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of the Catalogue of 1833) have a photosphere, whose diam 
eter measures from 2' to 3'.*^ 

The large nebulous masses of irregular ooufiguration com- 
pose a class of nebulsB difiering entirely from those we have 
described as regular, and which are, at all events, faintly de- 
fined. They are characterized by the most variously unsym- 
metrical forms, having indefinite and confused outlines. These 
bodies, which constitute mysterious phenomena sui generis, 
have mainly given occasion to the opinions advanced in ref 
erence to the existence of cosmical clouds and self-ltiminous 
nebula, supposed to be distributed through the regions of 
space, and to resemble the substratum of the zodiacal light 
These irregular nebulcB, which cover a portion of the firma- 
ment several square degrees in extent, present a striking con- 
trast with the smallest of all the regular isolated and oval 
nebulous disks, which is equal in luminoas intensity to a tel- 
escopic star of the 14th magnitude, and is situated between 
the constellations Ara and Apus, in the southern hemisphere. f 
No two of the unsymmetrical, dilTuscd nebulous masses re- 
semble one another ;t but, adds Sir John Horschel, from the 
experience of many years' observation, one thing observed in 
reierence to them, and which gives them a peculiar charac- 
ter, is, that all are situated within or very near to the mar- 
gins of the Milky Way, and may be regarded as ofishoots from 
it. On the contrary, the regularly shaped and well-dcnncd 
small nebulous spots are partly scattered over the whole heav- 
ens, and partly compressed together in special regions, far 
from the Milky Way, as, for instance, in the northern hemi- 
sphere, in the regions of Virgo and Pisces. Although the large 
irregular nebulous mass in the sword of Orion is certainly sit- 
uated at a considerable distance from the visible margin of 

* In other instances these nebulous stAre are only of the eighth to the 
ninth magnitude ; as Nos. 311 and 450 of the Catalogue of 1833, fig. 31 
having photospheres of V 30''. {OuilineSf $ 879.) 

t Obtervatiotu at the Cape, p. 117, No. 3727, pi. vi., fig. IG. 

i Wo moot with romarkablo forms of irrogular nebulin, as, for in- 
stance, tlio omoga-s]iapod (Obtervationt at the Cape, pi. ii., fig. 1, No. 
2008), which lins boon investigatoil and doHcriliod by Laniont, nnd by 
n meritorious North American astronomer, Mr. Miison, whoso early loss 
is much to bo lamented {Afem* of the Amer, Phifot, Society ^ vol. vii.,p 
117) ; a nebula having from 6 to 8 nuclei (Observations at the Cape, p 
19, pi. iii., fig. 4) ; the cometary tufl-like form in which the nebulous 
rays seem occasionally to expand, as from a star of the ninth magni- 
tudo (pi. vi., fig. 18, Nos. 2534 and 3688); a silhouette profile, or bust- 
like outline (pi. iv., fig. 4, No. 3075) ; a fissure-like opening, inclosing 
a filiform nebula (No. 3501, pi. iv., fig. 2 ; Outlines, $ 883 ; Observations 
9t the Cape, $ 121). 
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the Galaxy (fully 15°), still ^ven it may perhaps helong to 
that prolongation of its hranch -which appears to lose itself 
from a and e Persei toward Aldebaran and the Hyades, and 
to -which we have already referred at p. 147. The brilliant 
stars which gave early celebrity to the constellation of Orion, 
are, moreover, reckoned to belong to that zone of very large 
and probably less remote stars, whose prolonged direction in- 
dicates the vast circle of the Southern Galaxy, passing through 
e Orionis and a Grucis.* 

The opinion which at one time prevailed so extensivelyt 
of the existence of a galaxy of nebula intersecting the stellar 
Milky Way almost at right angles, has not been confirmed by 
more recent and accurate observations in reference to the dis- 
tribution of symmetrical nebula in the firmament.} There 
certainly are, as has already been observed, very great accu- 
mulations at the northern pole of the Galaxy, while a very 
considerable abundance of nebulous matter is also observed 
at the south galactic polo near Pisces ; but in coiisequcuco of 
the many interruptions which break the zone, we are unable 
to indicate any large circle connecting these poles together, 
and formed by a continued lino of nebula). William Her- 
schel, in advancing this view in 1784, at the close of his first 
treatise on the structure of the heavens, developed it with a 
caution worthy of such an observer, and from which doubt 
was not entirely excluded. 

Some of the irregular, or, rather, unsymmetrical nebula) 
(as those in the sword of Orion, near rj ArgOs in Sagittarius 
and in Cygnus), are remarkable for their extraordinary size ; 
others (as Nos. 27 and 51 of Messier's Catalogue) for their 
singular forms. 

It has already been noticed in reference to the large nebula 
in the stvord of Orion, that Galileo never mentioned it, al- 
though he devoted so much attention to the stars between the 
girdle and the sword, § and even sketched a map of this re- 

* Cosmot, vol. iii., p. 147. OuUmet, $ 785. 

t Cosmott vol. i., p. 150, and iioto ; Sir John HeraclieVs first odition 
of his Treatise on Atinmomy, 1833, in Lardner'e Cabinet Cyclopitdia, 
$ 616; Littrow, TheoretUche Aslronomie, 1834, th. ii., $ 234. 

X See Edinburgh Review^ January, 1848, p. 187, and Observatione at 
the Cape, ^ 96, 107. ** The distribution of the nebuls is not like that 
of the Milky Way," says Sir John Herschel, " in a zone or band en- 
circling the heavens; or if such a zone can bo at all traced out, it is 
with so many interruptions, and so faintly marked out through by far 
the creator part of its circumference, that its existence as such can be 
harmy more than suspected.*' 

^ ** There can be no doubt," writes Dr. GaUe, " that the drawing^ 
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gion of the heavens. That which he names Nebulosa OH 
onis, and delineates in the yicinity of Nebidosa Prtuepe, ht 
expressly declares to he an accumulation of small stars {stel 
larum constipcUarum) in the head of Orion, In the draw- 
ing which he gives in the Siderius Nuncius, i 20, extend- 
ing from the girdle to the heginning of the right leg (a On- 
onis), I recognize the multiple star ahove the star i. The 
instruments employed by Galileo did not magnify more than 
from eight to thirty times. It is probablo that as tho nebula 
in the sword is not isolated, but appears, when seen through 
imperfect instruments or a hazy atmosphere, like a halo round 
the star 0, its individual existence and configuration may have 
escaped the notice of the great Florentine observer. He was, 
moreover, little inclined to assume the existence of nebulcB.*' 
It was not until fourteen years after Galileo's death, in the 
year 1656, that Huygens first observed the great nebula of 
Orion, of which he gave a rough sketch in the Systema Satur- 
nium, which appeared in 1659. "While,*' says this great 
man, ** 1 was observing, with a refractor of twenty-five feet 
focal length, the variable belts of Jupiter, a dark central belt 
in Mars, and some faint phases of this planet, my attention 
was attracted by an appearance among the fixed stars, which, 
as far as I know, has not been observed by any one else, and 
which, indeed, could not be recognized, except by such pow- 
erful instruments as I employ. Ajtronomors enumerate three 
stars in tho sword of Orion, lying very near one another. On 
one occasion, when, in 1656, 1 was accidentally observing the 
middle ono of these stars through my telescope, I saw twelve 
stars instead of a singlo one, which, indeed, not unfrequently 

(Opere di Oalileit Fadova, 1744, torn, ii., p. 14, No. 20) "which yoa 
gave me includes the girdle and sword of Orion, and consequeutljf also ' 
the star d; but it is difficult, owing to the striking inaccuracy of the 
drawing, to recognize the three small stars in tho sword (the middle 
one of which is 0), and which appear to the nnaided eye to be placed 
in a straight line. I conjecture that }rou have correctly designated the 
star I, anu that the brisht star to the right and below, or the one imme* 
(lintel^ above it, is 6, Galileo expressly snys, " In primo iutogram 
Ononis Oonstellationem pingere decreveram ; verum, ab ingcnti stel- 
lanim copio, tomnoris vero inoj^ia obrutus, aggressionem banc in aliam 
occasionem distuli.*' Considonng Galileo's observation of the constel- 
lation of Orion, we are the more struck by the circumstance that the 
400 stars which he thought he had counted between the girdle and the 
sword of Orion in a space of ten square degrees (Nelli, vUa di Oalileif 
vol. ]., p. 208), shoulu subsequently (accoraing to Lambert, Cotmolog, 
Brief e, 17G0, p. 155*^ have led him to the erroneous estimate of 1,650,000 
stars for tho whole nrmament (Struve, AUr. Slellairet p. 14, and note 
16.) * Cosmos, vol. ii., p. 33 L 
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happens in uiing the telescope. Three of thig number were 
almost in contact with one another, and/(7ur of them shone 
as if through a mist, so that the space around them, having 
the form drawn in the appended figure, appeared much bright- 
er than the rest of the sky, which was perfectly clear, and 
looked almost black. This appearance looked, therofoie, al- 
most as if there were a hiatus or interruption. I have fre- 
quently observed this phenomenon, and up to the present time 
as always unchanged in form ; whence it would appear that 
this marvelous object, be its nature what it may, is very 
probably permanently situated at this spot. I never observed 
any thing similar to this appearance in the other fixed stars." 
(The nebulous spot in Andromeda, described fifty-four years 
earlier by Simon Marius, must therefore either have been un- 
known to him, or did not attract his attention.) That which 
has usually been regarded as nebulous matter, adds Huygens, 
" oven the Milky Way, when soon through telescopes, exhib- 
its nothing nebulous,- and is nothing moro than a multitude 
of stars, thronged together in clusters."* The aniiuutiou of 

* " Bx liiB aatem tref iUm pene inter se contiguoD steUoD, curnque his 
alio qoatuor, yelut trana nebalam lucebant: ita ut spatium circa ip- 
Baa, qaa forma hie conspicitnr, multo illuBtrioa appareret reliqao omni 
ogbIo ; qaod cum apprime lerenum esset ac cemeretur nigerrimum, ye- 
lut hiata qaodam interruptam videbatur, per quern in pla^m magis lu- 
cidam esaet prospectus. Idem vero in banc usque diem nihil immutata 
fiusie ssBpius atque eodem loco conspexi ; adeo ut perpetuam illic sedem 
habere credibiie sit hoc quidquid est portenti : cui certe simile idiud 
nusquam apud reliquas fixas potui animadverteire. Nam dDterio nebu- 
lossB olim existimatffi, atque ipsa via lactea, perspicillo iuspectiB, nullas 
nebulas habere comperiuntur, neqne aliud esse quam plurium stellarum 
congeries et freqnentia." — Christiani Hugenii, Opera varia, Lugd. Bat., 
^724, p. 540-541. ** Of these, however, those three almost contiguous 
stars, and, with these, four others, shone, as it were, through a neoula, 
so that the space around them, as is shown in this figure, is much moro 
brilliant than aU the rest of the sky ; and when this is very serene and 
appears quite dark, it seemed broken by a sort of gap, through which 
one looked upon a brighter region behind. The same thing I have 
since beheld over and over again, without any change in its appearance 
and in the same position, so that one might almost believe that this 
marvelous object, whatovor it is, is permunontly fixed there ; it is cur- 
tain I have nowhere else noticed any tiling similar to this in the other 
fixed stars ; for those which have generally been considered as nebulie, 
and even tlie Milky Way itself, when seen through a telescope, are found 
to have notliing nebulous about them, but are nothing moro than a mul- 
titude of severul stars clustered together." Huygens himself estimated 
the powers ho employed in his twenty-five foet refractor as equal to a 
hundred diainoton (p. 538). Are tlio ** quntuor stellua trans nobulnm 
lucoutus" the stars uf the truiieziuin f The small and very rough sketch 
(Toll, xlvii., fig. 4, PhaumenoH in Orione Novum) represents only a group 
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this first description testifies the freshness and depth of the 
impressions produced on his mind ; hut how groat is the dis* 
tance from this first sketch, made in the middle of the sev- 
enteenth <^entury, and the somewhat less imperfect descrip- 
tions of Picard, Le Gen til, and Messier, to the admirahle de- 
lineations of Sir John Herschel (1837), and of William 0. Bond 
(1848), the Director of the Ohservatory at Cambridge, U. S, \* 
The former of these two astronomers had the great ad- 
vantaget of observing the nebula in Orion since 1834, at the 
Capo of Good Hope, at an altitude of GO^, and with a twen- 
ty-feet reflector, by which means he was enabled to render 
his earlier delineations of 1824-1826 more perfect.t The 
positions of 150 stars, mostly of from the fifteenth to the 
eighteenth magnitudes, in the vicinity of Ononis, were de- 
termined. The celebrated trapezium, which is not surround- 
ed by a nebula, is formed of four stars of the fourth, sixth, 
seventh, and eighth magnitudes. The fourth star was dis- 
covered (in 1666 ?) by Dominique Cassini, at Bologna ;§ the 
fifth (y') in 1826, by Struve ; and the sixth (a'), which is 
of the thirteenth magnitude, in the year 1832, by Sir John 
Herschel. Do Vice, the Director of the Observatory at the 
Collegio Romano, announced in the beginning of the year 
1839 that he had discovered three other stars in the trapezi- 
um with his great Cauchoix refractor. These have not been 
obsorvod cither by Sir John Horschol or Mr. Bond. That 
IK)rtion of the nebula nearest the almost unnebulous trapezi- 
um, and forming, as it were, the anterior part of the head 
above the throat, the rcgio Iluygcniana^ is speckled, and of 
a granular texture, and has been resolved into clusters of 
stars both by Lord Kosse's colossal telescope and by the large 

of three stars, near an indentation which one might certainly regard as 
the 8inu9 Magnus. Perhaps the drawing gives only the three stars in 
the trapezium, which range from the fourth to the seventh magnitude. 
Dominique Oassiui, moreover, boasts that he was the first who observed 
the fourth star. 

* William Cranch Bond, in the Transactions of the American Academy 
of Arts and Sciences, New Series, vol. iii., p. 87-96. 

t Observations at the Cape, $ 54-69, pi. viii. ; Outlines, $ 837 and 
885, pi. iv., fig. 1. 

t Sir John Herschel, in the Memoirs of the Astronomical Society, vol. 
ii., 1824, p. 487-495, pi. vii., viii. The latter of these gives the nomen- 
clature of the separate regions of the nebula in Orion, which have been 
explored by so many astronomers. 

i Dclumbro, Ilist. de VAstron* Modeme, torn, ii., p. 700. Oassiui 
reckoned tho uppcaranco of this fourth star ("ncgiuiita dolla quarta 
Stella alle tre coutigue") among tho changes whicn hod taken place in 
tlie nebula of Orion in his time. 
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Oambridge (U. S.) refractor.*' Many pofdtions of the smaller 
Btara have been determined by accurate observers of the pres- 
ent day ; as, for instance, Lament at Munich, and Cooper and 
Lassell in England. The first named of these employed a 
1200-fold magnifying power. Sir William Herschel was of 
opinion, from a comparison of his own observations made 
with the same instruments, from 1783 to 1811, that altera- 
tions had taken place in the relative brilliancy and in the 
outlines of the great nebula of Orion.f Bouilland and Le 
Gentil had maintained the same opinion in reference to the 
nebula in Andromeda ; but the thorough investigations of Sir 
John Herschel have rendered the occurrence of any such cos- 
mical changes, although formerly considered to bo well estab- 
lished, exceedingly doubtful, to say the least. 

The large ndmla round i] Argus is situated in that por- 
tion of the Milky Way which extends from the feet of the 
Centaur, through the Southern Cross, toward the middle part 
of Argo, and is so distinguished by the intensity of its mag- 
nificent eifulgence. The light emanating from this region is 
so extraordinary, that Captain Jacob, an accurate observer, 
and a resident in the tropical parts of India, remarks, entirely 
in harmony with my prolonged experience, " Such is the gen- 
eral blaze from that part of the sky, that a person is imme 
diately made aware of its having risen above the horizon, 
though he should not be at the time looking at the heavens, 
by the increase of general illumination of the atmosphere, re- 
sembling the efiect of the young Moon/'t 

• 

* ** It is remarkable, however, that within the area of the trapezium 
no nebtUa exists. The general aspect of the less luminous and cirrous 
portion is simply nebulous and irresolvable, but the brighter portion, 
immediately adjacent to the trapezium, forming the square front of the 
head, is shown with the eighteen-inch reflector broken up into masses 
(very imperfectly represented in the figure), whose mottled and cur- 
dling light evidently indicates, by a sort of granular texture, its consist- 
ing of stars, and when examined under the great light'of Lord Rosse'd 
reflector, or the exquisite defining power of the great achromatic at 
Cambridge, U. 8., is evidently perceived to consist of clustering stars. 
There can, therefore, be little doubt as to the whole consisting of stars, 
too minute to be discerned individually even with these powerful aids, 
but which become visible as points of light when closely adjacent in tlio 
more crowded parts.*' — Outlinet, p^ 609. William 0. Bona, who rt\nde 
use of a twenty-five feet refractor, having a fourteen-inch object-glass, 
says, " There is a great diminution of light in the interior of the trapezi 
urn, but no suspicion of a star." (Memoirt of the American Aeademyt 
New Series, vol. iii., p. 93.) 

t Phiioi. Transact, fur tiio year 1811, vol. ci., p. 324. 

t Tram, of the Roy, Soc. of Edinh.f vol. xvi., 1849, part iv., p. 445* 
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The nebula, in the midst of which lies the star 9/ Argfis, 
which has become so celebrated for the alterations observed 
in the intensity of its light, covers a space of more than four 
sevenths of a square degree.*' The nebula itself, which is 
divided into many unsymmetrical masses of unequal lumin- 
ous intensity, nowhere exhibits the speckled, grantdar ap- 
pearance which admits of the assumption of its resolvabiHty. 
It incloses a singularly shaped, oval vacancy, covered with a 
faint glimmer of light. A fine delineation of the entire ap- 
pearance, the result of two months' measurements, is given 
in Sir John Herschers Observations at tlie Cape.-f This 
observer determined no less than 1216 positions of stars, 
mostly from the fourteenth to the sixteenth magnitudes, in 
the nebula of 97 Argus. These extend far beyond the nebula 
into the Milky Way, where they stand clearly forth on the 
deep black ground of the sky, and they are probably, there- 
fore, unconnected with, and far removed from, the nebula it- 
self. The whole contiguous portion of the Milky Way is, 
moreover, so rich in stars (not clusters), that by means of the 
telescopic star-gauges 3138 stars have been found for every 
mean square degree between R. A. 9h. 50m. and llh. 34m. 
These numbers even increase to 5093 in the sweeps for "R. A. 
llh. 24m., that is to sny, for one square degree of the firma- 
mont, a number of stars greater than those which are visible 
to the naked cyo in the horizon of Paris or Alexandria, from 
the first to the .dxth magnitude. t 

2Vus nclnda in Sagittarius, which is of considerable size, 
appears as if composed of four separate masses (R. Asc. 17h. 
53m. ; N. P. Decl. 114° 21'), one of which is again three- 
membered. All are interrupted by spots free from nebulous 
matter, and the whole was imperfectly observed by Messier, i 

The nebula in Cygnus are several irregular masses, one 
of which forms a very narrow divided band, passing through 
the double star rj Cygni. Mason was the first to recognize 
the connection of these masses, so widely different, by means 
of a singular cellular tissue. || 

T?ie nebula in VtUpes was imperfectly seen by Messier (No 

• Cottnotf vol. iii., p. 177-179. 

t Obterv, at the Cape, $ 70-90, pi. ix. Outlinei, $ 887, pi. iv., fig. 2 

X Cotmot, vol. Hi., p. 107. 

$ Obterv, at the Cape, $ 24, pi. i., fig. 1, No. 3721 of the Catalogue 
Ouilinet, $ 888. 

n The nebula in Oygnus, partly in R. Asc. 20h. 49m. ; N. P. Decl 
58^ 27^ (Outlinet, $ 891.) Compare Catalogue of 1833, No. 2093 
pi. xi., fig. 34. 
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17 of his Cabiloguo) when he was making an obsenration of 
Bode's Gomot in 1779. Sir John Herschol was the first who 
delineated and accurately determined its position (R. Asc. 19^ 
62' ; N. P. Decl. 67° 43'). This nebula, which is not of an 
irregular form, first received the name of the " Dumb-bell" 
on the application of a reflector with an eighteen-inch aper- 
ture. {I'hilos, Transact, for 1833, No. 2060, fig. 26 ; Out 
lincSt i 881.) This similarity to a dumb-bell entirely disap- 
peared in Lord Rosso's reflector of throo-foet aperture.* (Sco 
his rocout important dolinoation, Philos. Transact, for 1850, 
pi. xxxviii., iig. 17.^ It was also successfully resolved into 
numerous stars, which, however, continued mixed with neb- 
ulous matter. 

Tlie spiral nebula in the more northern of the Canes 
Venatici was discovered by Messier on the 13th of Octo- 
ber, 1773 (on the occasion of his discovery of tho Comet), in 
the left car of Asterion, very near i; (Bonetnasch) in Uie tail 
of the Groat Boar (No. 51 of Mossior, and No. 1622 of the 
groat Oataloguo published in tho Philos. Transact, for 1833, 
p. 496, fig. 25). This is one of the most remarkable phenom- 
ena in the firmament, both on account of its singular config- 
uration, and of the unexpected transformative efiect produced 
on its appearance by Lord Bx)88e's six-feet speculum. In Sir 
John Herschel's eighteen-inch reflector, the nebula presented 
the appearance of a spherical body, surrounded by a far-dis- 
tant ring, so that it exhibited, as it were, an image of our 
starry stratum with its galactic ring.f But in the spring of 
1845, the largo Parsonstown telescope transformed the whole 
into a helicine twisted coil — a luminous spiral, whose convo- 
lutions appear unequal, and are prolonged at both extremi- 
ties, both in the center and outward, into dense, granular, 
globular nodules. Dr. Nichol made a drawing of this object, 
which was laid before tho meeting of tho British Association 
at Gambridgo in 1845 by Lord lloBse.t But tho most por- 

* Coinpnre pi. ii., fig. % witli pi. v. in ThoughU on tome important 
Point» relating to tJie System of the World, 184G (by Dr. Nichol, 1'ro- 
feasor of Astroiiomy at Gliisgow), p. 22. " Lord Uosse," says Sir Jolm 
Horscliol, OiUUncs, p. C07, ** doHcribos and figures it as resolved into 
numerous stars with much intermixed nebula." 

t Coemos, vol. i., p. 150, and note, where the nebula, No. 1622, is 
termed a ** brother-system." 

X Report of the Fifteenth Meeting of the Brilith Attoeiation for the 
Advancement of Science, Notices, p. 4 ; Nichol, Thoughts, p. 23. (Com- 
pare pi. ii., fig. 1, with pi. vi.) In the Outlines, $ 882, we find the Tol- 
lowing passage : ** The whole, if not clearly resolved into stars, has u 
resolvable clmracter, which evidently indicates its composition." 
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feot delincatidn of this nebula has been given by Mr. John- 
stone Stoney. {Philos, Transact,, 1850, part i., pi. zxxv., 
fig. 1.) A similar spiral form is observed in No. 99 of Mes- 
sier's Uatalogue, which presents also a single central nucleus, 
and in other northern nebulra. 

It still remains for us to notice, more circumstantially than 
could be done in " the general delineation of Nature,"* an ob- 
ject which is luiparallelod in the world of forms exhibited 
throughout the firmament, and by which the picture&que 
effect of the southern hemisphere — ^if I may be permitted to 
uso the expression — is heightened. The two Magellanic 
Clouds, which were probably first named Oape Olouds by Port- 
uguese, and subsequently by Dutch and Danish pilots,t most 
strongly rivet the attention of travelers, as I can testify from 
personal experience, by the intensity of their light, their in- 
dividual isolation, and their common rotation round the South 
Polo, although at different distances from it. We learn, from 
the express mention and dofmito description of these circling 
clouds of light by the Florentine, Andrea Gorsali, in his trav- 
els to Oochin, and by the Secretary of Ferdinand the Oatho- 
lic, Petrus Martyr de Anghiera, in his work De rebus Ocean- 
ids et Orbe Novo (dec. i., lib. ix., p. 96), that the designa- 
tion which refers to Magellan's circumnavigation is not the 
older name \% for the notices hero indicated are both of the 
year 1515, while Pigafotta, the companion of Magellan, does 
not mention the nebbiette in his journal earlier than January, 
1521, when the ship " Victoria" passed through the Patago- 
nian Straits into the South Sea. The very old designation of 
" Cape Clouds" did not, moreover, arise from the vicinity of 
the more southern constellation of ** Table Mount," since the , 
latter was first introduced by Lacaille. The name would 
more probably seem to refer to the actual Table Mountain, 
and to the appearance of a small cloud on ils summit, which 
was dreaded by mariners as portending the comiug of a storm. 
Wo shall presently see that both the nribcculoi, which had 
been long observed in the southern hemisphere, although not 
definitely named, acquired with the spread of navigation, and 
the increasing animation of certain commercial routes, desig- 
nations which were derived from these very routes themselves. 

* Coimott vol. ]., p. 85, nnd noto. 

t Lficaillu, in tlio Mint, de VAead., anii6o 1755, p. 195. This is an 
uufortuuate confusion of tonninology, in tlio same manner as Horner 
And Littrow call the Ooal-bags MageUanie Spotty or Cape CUmde* 

X Coemoi, vol. ii., p. 287, and note. 
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The constant navigation of the Indian Ocean, washing the 
shores of Eastern Africa, was the earliest means— especially 
since the time of the Lagides and the Monsun-navigation— of 
making mariners acquainted with the stars near the Southern 
Pole. As early as the middle of the tenth century, we find, 
as already ohserved, that the Arahs had given a name to the 
larger of the Magellanic Clouds. This designation is, accord- 
ing to Ideler's researches, identical with that of the Wlnte 
Ox, elrbakar, of the celehrated astronomer Derwisch Ahdur- 
rahman Sufi of Ra'i, a city in the Persian province of Irak. 
In his Introduction to the Knowledge of the Starry Heav- 
ens, which he composed at the court of the sultans of the dy- 
nasty of the Buy ides, he says that " below the feet of the Suhel 
(by which he expressly means the Suhel of Ptolemy, Canopus, 
although the Arabian astronomers named many other large 
stars of Argo, cl-scji^ia, Suhel) there is a * white spot,' which 
is invisible both ui Irak (in the district of Bagdad and in 
Ncdsch, * Nedjod') and in the more northern and mountain- 
ous part of Arabia, but may bo soon in the Southern Tehama, 
between Mecca and the extremity of Yemen, along the coast 
of the Red Sea."* The relative position of the White Ox to 
Canopus is here indicated with sufficient accuracy for the 
naked eye ; for the Right Ascension of Canopus is 6h. 20m., 
and the eastern margin of the larger Magellanic Clouds lies 
in Right Ascension 6h. . The visibility of the Nubecula ma- 
jor in northern latitudes can not have been appreciably af- 
fected by the precession of the equinoxes since the tenth cen- 
tury, for the maximum distance from the north had already 
been attained long before that period. If we follow the re- 
cent determination of position for the larger cloud by Sir John 
Herschel, we shall find that it was perfectly visible as far 
north as 17^ in the time of Abdurrahman Sufi ; at the pres- 
ent time it is seen in about 18^ north latitude. The south- 
ern clouds must therefore have been visible throughout the 
whole of southwestern Arabia, in Hadhramaut (noted for its 
frankincense) as well as in Yemen, the ancient seat of civil- 
ization of Saba, and the long-established colony of the Joctan- 
ides. The southernmost extremity of Arabia, at Aden, on 

* Ideler, Untertuchungen iiber den Uraprung vnd dU Bedeutung dtr 
Siemnamen, 1809, p. xlix., 263. The name Abdurrahman Sufi was 
contracted by Ulagh Beg from Abdurrahman Ebn-Omar Ebn* Moham- 
med Ebn-Sahl Abu'l-Hassan el-Sufi el-Bazi. Ulugh Beg, who, like 
Nassir-eddin, amended the Ptolemaic star-poailions from his own obh 
servations (1437), admits that he borrowea from Abdurrahman Sufi's 
work the positions of 27 southern stars, not visible at Samarcand. 
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the Straits of Bab-el-Mandeb, is situated in 12^ 45', and Lo- 
heia in 15^ 44' north latitude. The settlement of many Ara- 
bian colonies on the eastern coast of Africa, between the tiop* 
ics, north and south of the equator, naturally led to a more 
special knowledge of the southern stars. ^ 

The western coasts of Afnca beyond the line were first 
visited by some of the more cultivated European pilots (espe- 
cially Gatalanians and Portuguese). Undoubted documents, 
such as tho Map of the World of Marino Sanuto Torsello, of 
tho year 1306, the Genoese Portulano Mediceo (1351), the 
Planisferio de la Palatina (1417), and the Mappa-mando 
di Fra Mauro Camaldolese (between 1467 and 1459), prove 
that the triangular configuration of the southern extremity of 
the African Continent was known 178 years before the so- 
' called yErs^ discovery of the Cabo Tormentoso (Cape of Good 
Hope) by Bartholomssus Diaz, in the month of May, 1487.* 
The importance of such a commercial route, rapidly increas- 
ing from the time of Gama's expedition, was, on account of 
the common aim of all West- African voyages, the occasion of 
the two Southern Clouds being designated by the pilots Cape 
ChtcdSt as remarkable celestial phenomena seen during voy- 
ages to the Cape. 

The constant endeavors made to advance along the eastern 
shores of America, beyond the equator, and oven to the south- 
em extremity of the continent, directed the attention of mar- 
iners uninterruptedly to the southern stars, from the period of 
Alonso de Hojeda*s expedition, in which Amerigo Vespucci 
took part (in 1499), to that of Magellan and Sebastian del 
Oano in 1521, and of Garcia de Loaysa,t with Francisco de 

* See my geographical investigations on the discovery of the sooth- 
em extremity of Africa, and on the stntements of Cardmal Zarla and 
Count Baldelli in the Examen Crit, de VHist, de la Qiographie aux quin- 
xUme et eeizUme HieUi, torn, i., p. 229-048. The discovery of the Cape 
of Good Hope, wliich Martin Behaim calls tho Terra Fragoia, and not 
CeAo Tormeniogaf was made, singularly enough, when Diaz came /rom 
the eatt (from the Bay of Algoa, 33^ 47' south latitude, and more Uian 
7° 18' east of Table Bay).— Lichtonstein, in Dae Vaterldnditehe Muse- 
um, Hamburgh, 1810, 9 372-089. 

t The merit of the discovery of the soutbemmost extremity of the 
new continent in 55° south latitude (whose importance has not been 
sufficiently estimated), is due to Francis de Hoces, who commanded 
one of the ships of the expedition of Loaysa in 1525. It is very char- 
acteristically described in Urdaneta*s Journal by the words aeabamiento 
de tierra, ** the ceasing of land.*' De Hoces probably saw a portion of 
Terra del Fuego west of Staten Island, for Cape Horn is situated, ao 
cording to Fitzroy, in 55° 58' 41'^ — See Navarette, Viagee ydeMCubrim. 
de loe Stpanolee, torn, v., p. 28, 404. 
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Hoces ill 1525. It would appear from the journals still ex* 
tant, and from the historical testimony of Anghiera, that the 
southern stars wore made the special objects of attention dur- 
ing the voyage in which Amerigo Vespucci and Vicente Yaiiez 
Pinzon discovered Cape San Augustin in 8^ 20' south lati- 
tude. Vespucci boasts on this occasion of having seen three 
Canopi (one dark, Canopofosco; and two bright stars, Cano- 
pi rispUndenti), We find from an attempt made by Ideler, 
the ingenious author of works on the *' Names of the Stars" 
and on *; Chronology/' to explain Vespucci's very confused 
description of the southern heavens, in his letter to Lorenzo 
Pierirancesco de* Medici, of the party of the " Popolani," that 
Vespucci used the name in nearly as indefinite a manner as 
the Arabian astronomers had used the word Suhd, Ideler 
shows that the " canopo fosco nella via lattea" must have 
been the black spot, or largo coal-sack in the Southern Cross ; 
while the position of tlurco stars, in which are supposed to bo 
recognized a, /3, and y of Hydrus, renders it very probable 
that the ** ca7io])0 ri&j>lcnde7vte di notabile grandezza** (of 
considerable extent) is the Nubecula Major, and the second 
risplendente the Nubecula Minor.* It is very singular that 
Vespucci should not have compared these recently-noticed 
celestial objects to clouds, as all other observers had done. 
One would have thought the comparison irresistible. Peter 
Martyr Anghiera, who was personally acquainted with all 
the discoverers, and whoso letters were written under the 
vivid impression excited in his mind by their narratives, de- 
scribes, with striking truthfulness, the mild but unequal efful- 
gence of the nubecula). He says, *^ Assccuti sunt Portugallen 
ses alterius poli gradum quinquagesimum amplius, ubi puno* 
tum (polum ?) circumeuntes 71^5^971 nubeculas licet intueri, 
veluti in lactea via sparsos mlgores per universi cgbH globum 
intra ejus spatii latitudinem."t The exceeding fame, and 

* Humboldt, Exatnm Crit. de la Oiogr., torn, iv., p. 205, 295-316 
torn, v., p. 225-229, 235. Ideler, Siemnamen, $ 34G. 
t Petrus Martyr Au^h., Oceanicaf dec. iii., lib. i., p. 217. I can 

{)rove from the numerical data in dec. ii., lib. x., p. 204, and dec. iii., 
ib z., p. 232, that the portion of the Oeeanica, in 'which the Magellanic 
Clouds are referred to, was written between 1514 and 1516, and there 
fore immediately after the expedition of Juan Diaz de Soils to the Rio 
de la Plata (then known as the Rio de SoliSf una mar dulce). The lati- 
tudes are much exaggerated. 

{^** The Portuguese extended their discoveries to within less than 50 
degrees of tlie South Pole, whore they plainly observed certain nebulae 
moving round the point (pole?), like the luminous spots scattered in 
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the long duration of Magellan's ciioumnavigation (from An- 
gust, 1619, to September, 1522), and the' long Bojoum of a 
numerous crew under the southern sky, obliterated the re< 
membrance of all earlier observations, and spread the name 
of the Magellanic Clouds among all the sea-faring nations 
of the Mediterranean. 

Wc have thus shown by a single example how the exten- 
sion of the geographical horizon southward opened a new 
field to contemplative astronomy. There were four objects 
to which the attention of pilots was especially directed in the 
new hemisphere, viz., the search for a southern polar star, the 
fonn of the Southern Cross, which assumes a vertical position 
when it passes through the meridian of the place of observ- 
ation, the Coal-sacks, and the circling clouds of light. We 
learn from the treatise on the art of navigation (Arte de Nav^ 
egar, lib. v., cap. 11)> by Pedro de Medina, wnich has been 
translated into many languages, and first appeared in 1545, 
that the meridian altitudes of the " Cruzero'' were used as 
early as the first half of the sixteenth century for the determ- 
inations of latitude. Measurement soon succeeded the mere- 
ly contemplative observation. The first work on the position 
of stars contiguous to the antarctic pole was based on the dis- 
tances of known stars of the Kudolphine Tables, as calcula- 
ted by Tycho Braho. This work, as I have already observed,* 
was composed by Fotrus Thoodori of Embdcn, and Friodrioh 
Houtman of Holland, who navigated the Indian Seas about the 
year 1594. The results of their measurements were speedi- 
ly embodied in the Star- Catalogues and celestial globes of 
Blaeuw (1601), of Bayer (1603), and of Paul Morula (1605). 
Such were the materials for the foundation of the topography 
of the southern heavens before Halley (1677), and before the 
meritorious astronomical researches of the Jesuits Jean de 
Fontaney, Richaud, and Noel. The intimate connection be- 
tween the history of astronomy and that of geography thus 
indicates those memorable epochs in which (scarcely two 
hundred and fifty years ago) men first acquired the knowl- 
edge necessary for the completion of the cosmical image of 
the firmament and of the configuration of continents. 

The Magellanic Clouds^ the larger of which covers a ce- 
lestial space of forty-two, and the smaller a space of ten 
square degrees, certainly produce, at first sight, the same 

the Milky Way throughoat tbe arch of heaven within the breadth of 
that Bpaco."] 
* Coimot, vol. ii., p. 287; vol. iii., p. 112, 138. 



4d COSMOS. 

impression on the unaided eye as might be excited by two 
bright portions of the Milky Way, equal in size and isolated 
in position. The smaller cloud entirely disappears in clear 
moonlight, while the larger one only loses a considerable por- 
tion of its brightness. Sir John Herschers delineation of 
these objects is admirable, and accurately corresponds with 
the vivid impressions excited in my own mind during my so- 
journ in Peru. Astronomy is indebted to the laborious re- 
searches of this observer at the Gape of Good Hope in 1837, 
for the first accurate analysis of this most wondrous aggrega- 
tion of heterogeneous elements.* He found a large number 
of individual and scattered stars, stellar swarms and globular 
clusters of stars, and both oval regular and irregular nebulsB 
more closely thronged together than in the nebulous zone of 
Virgo and Coma Berenices. The nubecula can not, there- 
fore, from this condition of complicated aggregation, bo re- 
garded, as has too often been done, either as exceedingly 
large nebulsB, or as detached portions of the Milky Way ; 
for, with the exception of a small zone lying between the 
constellation Ara and the tail of the Scorpion, globular stel- 
lar clusters and oval nebulse are of rare occurrence in the 

Galaxy.t 

The Magellanic Clouds are not connected with one anoth- 

* Cottnoi, vol. i., p. 85, and note. See Obterv, ai the Cape.'n, 143- 
164 ; pi. vii. givos a representation of the Magellanic Clouds as tliey ap- 
pear to the naked eye ; jil. x. the telescopic analysis of tlie Nubeaua 
MajoTt and ph xi., iig. 4 (i 20-23^, alFords a special view of the. nebula 
DorudAs. — Oullinet, $ 893-89G, pi. v., fig. 1, and James Dunlop in the 
Philoi, TrantacL fur 1828, part i., p. 147-151. So erroneous were the 
views of the earlier observers, that the Jesuit Fontaney, who was great- 
ly esteemed by Dominique Cassini, and to whom we are indebted for 
many valuable astronomical observations in India and China, wrote as 
follows so recently as 1685 : ** Le grand et le petit nuages sent deux 
choses singuli^res.^ lis ne paraissent aucunement un amas d'^toiles 
comme Prsesepe Cancri, ni mdme une lueur sombre, comme la u^bu- 
leuse d'Andromdde. On n'y voit presque rien avec de trds grandes 
lunettes, quoique sans ce secours on les voie fort blancs, particuli^re- 
ment le grand nuage." ** The large and the small cloud are both very 
remarkable objects. They do not appear a mere mass of stars, like 
Praesepe in Cancer, nor are they a faint light, like the nebula in An- 
dromeda. Very little is to be seen within these bodies even with large 
instruments, although when observed without such optical aid they ap 
pear very white, and this is especially the case with the large cloud." 
— Letlre du Pire de Fontaney au Pere de la Chaize, Confesseur du Rot, 
in the Lettret Edijiante*, Recueil vii., 1703, p. 78; and Hist, de VAead, 
dee Seiencea dep. 1686-1699 ([torn, ii., Paris, 1733), p. 19. In my de- 
scription of the Magellanic Clouds, in tho text, I have exclusively fol* 
It wed Sir John Herschel's work. 

t CoevMe, vol. iii., p. 145, and note. 
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er or with the Milky Way by any appreciable nebulous vapor. 
If we except the cluster of stars in the constellation Toucan,* 
Nubecula Minor is situated in a portion of the heavens bar- 
ren of stars, and Nubecula Major in a less starless region. 
The form and internal structure of the latter are so involved 
that it presents many separate masses (as seen in No. 2878 
of Herschcl's Catalogue), which present an accurate image 
of the aggregate condition of the whole clouds. The con- 
jecture advanced by the meritorious observer Homer, that 
the clouds were once parts of the Milky Way, in which we 
can, as it were, recognize their original place, is a myth, and 
quite as unfounded as the assertion that they have exhibit- 
ed, since Lacaille*s time, a progressive movement — an altera- 
tion of position. Their position was incorrectly given in con- 
sequence of the indistinctness of their margins, when seen 
through the older telescope having smaller apertures than 
our more recently constructed instruments ; and Sir John 
Hcrschol states that the lesser cloud is inserted about Ih. 
Rt. Asc. out of its true position, in all celestial globes and 
star-maps. According to him, Nubccida Minor lies between 
the meridians of Oh. 28m. and Ih. 15m., N. P. Dccl. 162^' 
and 165^; Nubecula Major in Rt. Asc. 4h. 40m. — 6h. Om., 
and N. P. Decl. 156^ and 162°. In the former he has cata- 
logued according to right ascension and declination no less 
than 919 stars, nebula), and clusters, and in the latter 244. 
With a view of separating the three classes, I have counted 
the objects in the catalogue, which I find gives for 

Stnrs. Ncbulro. Clusters. 

Nubecula Major 682 291 46 

Nubecula Minor 200 37 7 

The inconsiderable number of nebulas contained in Nubecula 
Minor is very striking, for we find that, compared to the neb- 
ulae in Nubecula Major, they are only as 1 : 8, while the ra- 
tio of the isolated stars is about 1:3. The catalogued stars, 
almost 800 in number, are for the most part of the 7th and 
8th magnitudes ; some few belong even to tlie 9th and 10th 
magnitudes. There is in the middle of the larger cloud a 
nebula, noticed by Lacaille (30 Doradus, Bode, No. 2941 of 
Sir John HerschePs Catalogue), which is said to resemble no 
other nebulous body in form. Although it occupies scarcely 
jjjth of the area of the whole cloud, Sir John Hcrschel has 
determined the position of 105 stars of from the 14th to the 

* CotmoSf vol. iii., p. 142, and note* 
Vol. IV.— C 
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16th magnitude in this space. These stars are projected on 
the wholly unresolved, uniformly bright and unspeckled neb* 
ula.* 

The Black Specks which attracted the attention of Portu- 
guese and Spanish pilots as early as the close of the fifteenth 
and the beginning of the sixteenth centuries, circle round the 
southern polo opposite to the Magellanic Light-clouds, al- 
though at a greater distance from it. They are probably, as 
already remarked, the Canopofosco of the *' throe Ganopi,'* 
described by Amerigo Vespucci in his third voyage. I find 
the first definite notice of these spots in the first Decade of 
Anghiera*s work, "Dc Rebus Oceanicis** (Dec. i., lib. 9, cd. 
1533, p. 20, b). ''Interrogati a me nauts qui Vicentium Ag- 
nem Pinzonum fuerant comitati (1499), an antarcticum vide- 
rint polum : stcllam so nullam huic Arcticoo similem, quo) 
discerni circa punctum (polum ?) possit, cognovisso inquiunt. 
Stellarum tamen aliam, ajunt, so prospcxisse facicm den- 
samque quandam ab horizonto vaporosam caliginem, qua 
oculos foro obtcnobrurot."t Tho word Stella is used horo for 
a celestial constellation, and the narrators may not have ex- 
plained themselves very distinctly in reference to a caligo 
which obscured their sight. Father Joseph Acosta, of Me- 
dina del Campo, gives a more satisfactory account of the 
Black Specks and tlie cause of this phenomenon. He com- 
pares them, in his Historia Natural de las Indias (lib. i., 
cap. 2), to the eclipsed portion of the Moon*s disk in respect 
to color and form. " As the Milky "Way,*' he says, "is more 
brilliant because it is composed of denser celestial matter, and 
hence gives forth more light, so likewise tho Black Specks^ 
which are not visiblo in Europe, are entirely devoid of light, 
because they constitute a portion of the heavens which is 
barren, i. e., composed of very attenuated and transparent 
matter.'' The error of a distinguished astronomer in sup- 
posing that this description referred to the spots of the Sun,t 
seems scarcely less singular than that the missionary Richaud 

* See Observ. at the Cape, $ 20-23 and 133, the beautiful drawing, pi. 
ii., fig. 4, and a special map of the graphical analysis. — Fl. x., as well 
as Ouilinest $ 896, pi. v., fig. 1. 

t '* I asked some mariners who had accompanied Vicentius Agnes 
rinzo (1499) whether they saw the antarctic pole, and they tola me 
that they did not observe any star like our North Star, whicn miky be 
seen about tjie arctic pole, but that they noticed stars in another form, 
having the appearance of a dense and dark vapor rising frcm the hori- 
son, which almost obscured their vision. 

t CotmoSf vol. 11., p. 287, and note. 
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(1689) should have mistaken Acosta's **manchas negras^* for 
the luminous Magellanic Olouds.* 

Richaud, moreover, like the earHest pilots, speaks of the 
Ooal-sacks in the plural, mentioning two, of which the large 
one was situated in the constellation of the Cross, and an- 
other in Charles's Oak ; the latter, according to other descrip- 
tions, was subdivided into two distinct specks. These were 
described by Feuillde in the early part of the eighteenth 
century, and by Horner (in a letter to Olbers, written from 
Brazil in 1804), as undefined, and having confused outlines.f 
I was unable, during my residence in Peru, to discover any 
thing definite as to the Coal-sacks in Charles's Oak ; and ar 
I was disposed to ascribe this to the low position of the con- 
stellation, I applied for information to Sir John Herschel and 
to Riimker, the director of the Observatory at Hamburgh, 
who had been in far more southern latitudes than myself. 
Notwithstanding their endeavors, they were equally unsuc- 
cessful in discovering any thing that could be compared for 
definiteness of outline and intensity of blackness with the 
Coal-sack in the Cross. Sir John Herschel is of opinion that 
we can not speak of a plurality of Coal-sacks, unless we would 
include under that head every ill-defined and darker portion 
of the heavens, as the regions between a Centauri and P and 
y Trianguli,t between tj and Argiis, and more especially 
the barren portion of the Milky Way m the Northern heav- 
ens, between e, a, and y Cygni.f 

The longest known Black Speck in the Southern Cross, 
and the one which is also the most striking as seen by the 
naked eye, is of a pear-like shape, and lies on the easteni 
side of that constellation, in 8^ long, and 5^ lat. This large 
space presents one visible star of the 6th to the 7th magni 
tude, together with a large number of telescopic stars, vary 
ing from the 11th to the 13th magnitudes. A small group 
of 40 stars lies nearly in the center. || The paucity of stars, 
and the contrast with the magnificent effulgence of the neigh- 

* Mim. de VAead. de$ 8eUnee$ dep. 1666 jusqu*a 1G99, t. vii., partio 2 
(Paris. 1729), p. 206. 

t Letter to Olbers from St Catbarina (January, 1804), in Zacb*s 
Monatl, Corretpondenx zur Be/ord. der Erd- vnd HitntneU'Kundet bd. 
X., p. 240. See, on Feuill^e's observation and rougb sketch of tlie black 
spot in the Southern Cross, Zach, Op* cit., bd. xv., 1807, p. 388-391. 

t Obterv, at the Cape^ pi. xiii. $ Outlinei of Astronomy, p. 6?\ 

n Obterv, at the Capet p. 384, No. 3407, of the catalogue of nebu'uc 
and clusters. (Oomparo Dunlop in the Philce, Trantetet. for 1828, p. 
149, and No. 272 of his Catalogue.) 
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boring heavens, are assigned as the causes of the remarkable 
blackness of this portion of the Rrmamont. This opinion, 
which has been generally maintained since Lacaille's time,*' 
has been especially confirmed by the "gauges" and "sweeps** 
made round the region where the Milky Way appears as if 
covered by a black cloud. The Coal-bag yielded from seven 
to nine telescopic stars for every sweep, but never an entirely 
blank field ; while in a field of equal size the margins pre- 
sented from 120 to 200 stars. This mode of explanation, 
which ascribes the darkness to contrast alone, did not, al- 
though perhaps incorrectly, appear quite satisfactory to me 
while I was in a tropical region, and remained under the 
vivid impression produced on my mind by the aspect of the 
southern heavens. William Herschers considerations on 
wholly starless regions in Scorpio and Scrpcntarius, and 
which ho has termed "openings in the heavens," led mo to 
the idea that the starry strata lying behind one another in 
such regions may be less dense, or even wholly interrupted, 
and that our instruments being insufficient to penetrate to 
these last strata, " wo look into the remote regions of space, 
as through tubes." I have already elsewhere noticed these 
openings,! and the efibcts of perspective on such interruptions 
in the starry strata have again been lately made the subject 
of earnest consideration. t 

The extreme and most remote strata of self-luminous oos- 
mical bodies — the distances of nebulse — all that has been 
considered in the last seven sidereal or astrognostic portions 
of this work, fill the imagination and the speculative mind 
of man with images of time and space surpassing his powers 
of comprehension. 

* ** Gette apparence d*ua noir fonc6 dans la partie Orientale de la 
Croix du Suu, qui frappe la vue de tous ceux qui regardeut le cie 
austral, est causae par la vivacit6 de la blancheur de la voie lact^e qui 
renferme Pespace noir et I'entoure de tous cdt^s." " Tbe appearance 
of deep black iu the eastern portion of the Southern Cross, which 
strikes all who observe the heavens in those regions, is owing to the 
intensity of the wliitouess of tlie Milky Way surrounding the black 
space on every side." — Lacaillo, in the M4tn. de VAcad. des Scienca, 
ann^ 1755 (Paris, 1761), p. 199. 

t CogmoSf vol. i., p. 152, and note. 

i <' When we see," says Sir John Herscbel, ** in the Coal-sack (near 
a Orucis) a sharply-defined oval space free from stars, it would seem 
much less probablo that a conical or tubular hollow traverses the whole 
of a starry stratum, continuously extoudud from the oyo outward, than 
that a dUtant mass of comparatively moderate thickness should be sim 
ply perforated from side to side." — Outlinetf $ 793, p. 532. 
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However wonderful axe the improvemente made in optica] 
instruments within scarcely sixty years, we are at the same 
time too well acquainted with the difficulties of their con- 
struction to indulge in the hold and even unlicensed antici 
pations so ardently cherished by the intellectual Hooke from 
1663 to 1665.* Moderation in the expectations entertained 
will ho the most likely to lead to their fulfillment. Each 
succeeding generation has reaped the noblest and most ex 
altcd results from the triumphs of free intellect in the differ- 
ent stages to which art has gradually exalted itself Without' 
attempting to express in definite numbers the distances to 
which the space-penetrating powers of telescopic vision may 
already reach, and without attaching much confidence to 
such numbers, the knowledge of the velocity of light yet pro- 
claims that the appearance of the remotest star — the light- 
generating process on its surface— is the " most ancient sens- 
uous evidence of the existence of matter/'f 



j3. The Solar Region. 



PLANETS AND THEIR SATELLITES.— COMETS. RING OF THE 

ZODIACAL LIGHT. SWARMS OF METEOR-ASTEROIDS. 

On passing) in the Uraiiologioal portion of the pliysioal 
description of the universe, from the heaven of the 6xed stars 
to our solar and planetary system, we descend from the groat 
and universal to the relatively small and special. The do- 
main of the Sun is the domain of one individual fixed star 
among the millions revealed to us in the firmament by tel- 
escopic aid — the limited space in which very various cosmical 
bodies, in obedience to the direct attraction of a central body, 
revolve around it in more or less extended orbits, whether 
they are isolated or encircled by other bodies similar to them- 
selves. Among the stellar bodies whose arrangement we 
have endeavored to consider in the sidereal portion of the 
Uranology, there is, indeed, a class of those millions of tele- 
scopic fixed stars — double stars — ^which exhibit special^ hi 
nary, or multiple systems ; but notwithstanding the analogy 
presented by the forces by which they are impelled, they yet 
differ in their natural character from our solar system. In 

* Lettre de Mr. Hooke 4 M. Anzout, in tbe Mint, de VAeatUmUf 
1666' 1699, torn, vii., partie ii., p. 30, 73. t Cotmoi^ vol. i , p. 154 
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tbein» Belf-luminous fixed stars revolve round one common 
center of gravity, which is not filled with visible matter ; 
while in our solar system dark cosmioal bodies rotate around 
a self-luminous body, or, to speak more definitely, around one 
conmion center of gravity, which lies at difierent times either 
within or without the central body. ** The great ellipse 
which the Earth describes round the Sun is reflected in a 
small perfectly similar one, in which the central point of the 
Sun moves round its own and the Earth's common center of 
gravity." In general notices like the present, we need hard- 
ly enter into any special consideration of the question as to 
whether the planetary bodies, among which we must class 
interior and exterior comets, may not be capable, at least in 
part, of generating some special light of their own, in addition 
to that which they receive from the central body. 

We have hitherto acquired no direct evidence of the exist- 
ence of dark planetary bodies revolving round other fixed 
stars. The faintnoss of the reflected light would prevent 
their ever being visible to us, if, as Kepler conjectured (long 
beforb LambcrtV such bodies actually revolve round every 
fixed star. If the nearest fixed star, a Centauri, be 22G,000 
times the Earth's distance, or 7523 times the distance of Nep- 
tune ; if a very distant comet, that of 1680 (to which has been 
ascribed, although on very uncertain data, a revolution of 
8800 yearsV is twenty-eight times the distance of Neptune 
from our solar system when in its aphelion, then the distance 
of the fixed star a Centauri is still 270 times greater than 
the distance of our solar system from the aphelion of the most 
remote comet. The light of Neptune is reflected to us from 
a distance thirty times greater than our distance from the 
Sun. If, by the future construction of more powerful tele- 
scopes, three additional planets should be recognized, each 
situated at about 100 times the Earth's distance from the 
other, even this would not amount to the eighth part of the 
distance intervening to the aphelion of the comet referred to, 
or to the 2200th part of the distance^ which the reflected 

* Seo Coimo9t vol. i., p. 109, 148, where I based my calculations on 
the distance of Uranus, which then constituted the extreme known 
boundary of tlie planetary system. If we assume the distance of Nep- 
tune from the Sun to be 3004 times that of the Earth, the distance of 
a Centauri from the Sun would still be 7523 times that of Neptune, the 
parallax being assumed as 0' •9128 (CosmoSt vol. iii., p. 191). yet the 
distance of 61 Cygni is nearly two and a half, and that of Sirius (with 
a parallax of 2"'230) four times that of a Centauri. The distance of 
Neptune from the Sun is about 2484 millions of geographical miles, and 
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iigbt of a satellite revolving round a Oentauri would have 
to traverse in order to reach our telescopic vision. But is it 
absolutely necessary that we should assume the existence of 
satellites around the fixed stars ? For when we cast a glance 
at the subordinate particular systems within our large plan- 
etary system, we find that, notwithstanding the analogies 
which may present themselves in planets attended by many 
satellites, there are others, such as Mercury, Venus, and Mars, 
which have no attendant moons. If wo disregard that which 
is merely possible, and limit ourselves to the consideration of 
that which is actually explored, we shall be vividly impressed 
with the idea that the solar system, especially in the great 
mutual connection revealed to us during the last ten years, 
yields the richest image of the evident and direct relations 
borne by many cosmical bodies to a special one. 

The more limited sphere of the planetary system afibrdB 
by its very limitation undoubted advantages, both as to the 
certainty and correctness of the facts ascertained by measuring 
and calculating astronomy, over the results of a contempla- 
tion of the heaven of the fixed stars. Many of these results 
are only connected with contemplative astronomy, through the 
medium of stellar swarms and nebulous groups, as well as of 
the insecurely-based photometric arrangement of the stars. 
The most certain and brilliant portion of astrognosy is the 
determination of positions by right ascension and declination 
— a department of astronomical science that has boon very 
extensively improved and increased in our own day, in refer* 
ence to isolated fixed stars, double stars, stellar masses, and 
nebuloB. Equally difTicult, although more or loss accurately 
measurable relations likewise present themselves in the prop- 
er motion of the stars — the elements from which their parsd- 
laxes are determined — telescopic star-gauging, which leads 

llmt of Uranus, according to Hansen, abont 1586 millions. The dis- 
tiinco of Siriiis amounts, according to Galle (assuming the parallax 
computed by Henderson), to 896,800 radii of the Karth's orbit, or 
74,188,000 millions of geographical miles, a distance which gives four- 
tocn years for the passage of light. The aphelion of the comet of 1680 
is forty-four times the distance of Uranus, and therefore twenty-eight 
times that of Neptune from the Sun. According to these assumptions, 
the Sun*s distance from the star a Centauri is nearly 270 times tnat of 
this comet in its aphelion, which we regard as the minimum of the very 
bold estimates of the radius of the solar system (see p. 204). The es- 
timate of such numerical relations has, at all events, this merit, not- 
withstanding other defects, that the assumption of a very high standard 
of measurement of space leads to results which may lie expressed in 
tmallnr numbers 
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us to the distribution in space of cosmical bodies — ^tho periddi^ 
of variable stars — and the slow revolution of double stars. 
That which, from its very nature, is not amenable to meas- 
urement, such as the relative position and configuration of 
starry strata or rings of stars, the arrangement of the uni- 
verse, and the effects of powerfully metamorphic physical 
forces* in the sudden appearance or extinction of the so-called 
new stars, excite the mind the more deeply and vividly, its 
touching on the confmes of the graceful domain of fancy. 

We purposely abstain in the following pages from entering 
on the consideration of the connection existing between our 
solar system and the systems of other fixed stars, nor shall we 
revert to the question of that subordination and annexation 
of cosmical systems which might almost be said to force it- 
self on our notice from intellectual necessity ; nor yet will 
we consider whether our central body, the Sun, may not it- 
self stand in some planetary dependence on a higher system 
— ^not even, perhaps, as a main planet, but merely as a plan- 
etary satellite, like Jupiter's moons. Limited within the 
more familiar sphere of our solar region, we, however, enjoy 
this advantage, that with the exception of what refers to the 
signification of the surface-appearance or gaseous envelopes 
of the revolving cusmical bodies, the simple or divided tails 
cf coincts, the ring of the zodiacal light, or the mysterious ap- 
pearance of meteoric asteroids, almost all the results of ob- 
servation admit of being referred to numerical relations, as 
the deductions of strictly- tested presuppositions. It docs not, 
however, belong to the sketch of a physical description of the 
universe to test the accuracy of such presuppositions, its prov- 
ince being simply to give a methodical arrangement of numer- 
ical results. They constitute the important heritage which, 
ever augmenting, is bequeathed by one century to another. 
A table, comprising the numerical elements of the planets 
(that is to say, their mean distances from the Sun, sidereal 
periods of revolution, the eccentricity of their orbits, their in- 
clination toward the ecliptic, their diameter, mass, and dens- 
ity), would now embrace within very narrow limits the rec- 
ord of the great intellectual conquests of the present age. Let 
us for a moment transport ourselves in imagination to the 
times of the ancients, and fancy Fhilolaus the Pythagorean, 
the instructor of Plato, Aristarchus of Samos, or Hipparchus, 
in possession of such a numerical table, or of a graphic rep- 

* On the appearance of new stars, and their subsequent disappeai-^ 
snce, see p. 151-1G4. 
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resentation of the orbits of the planets, such as is given in 
our most epitomized manuals, there is scarcely any thing to 
^hich we could compare the admiration and surprise of these 
men — the heroes of the early and limited knowledge of that 
Hj^e—excepting, perhaps, that which might have been expe- 
rienced by Eratosthenes, Strabo, and Claudius Ptolemy, could 
they have seen one of our maps of the world, on Mercator*s 
projection, not above a few inches in length and breadth. 

The return of comets in closed elliptical orbits, as a conse- 
quence of the attractive force of the central body, indicates 
the limits of the solar region. As, however, we are as yet 
ignorant whether comets may not some day appear in which 
the major axis may prove to be larger than any that have as 
yet been observed and calculated, these bodies must be re- 
garded as indicating, in their aphelia, merely the limits to 
which the solar regions must at least extend. Hence wo may 
characterize the solar system by the visible and measurable 
results of peculiar operating central forces, and by the cos- 
mical bodies (planets and comets) which rotate round the Sun 
in closed orbits, and are intimately connected with it. The 
considerations which at present engage our attention do not 
embrace a notice of the attraction which the Sun may exert 
on other suns (or fixed stars) lying beyond the limits of these 
reappearing cosmical bodies. 

According to the state of our knowledge at the close of 
this half of the nineteenth century, the solar regioit includes 
the following bodies, arranging the planets according to theii 
respective distances from the central body : 

22 Principal Planets (Mercury, Venus, the Earth, 
Mars ; Flora, Victoria^ Vesta, Iris, Metis, Hebe, Parthen- 
ope, Irene, Astma, Egeria, Juno, Ceres, Pallas, Hygiea, 
Jupiter, Saturn, Uranus, Neptune) ; 

21 Satellites (1 belonging to the Earth, 4 to Jupiter, 
8 to Saturn, 6 to TJranus, 2 to Neptune) ; 

197 Comets, whoso orbits have. been calculated. Of 
these, G are interior ; i.e., such as have their aphelia iu« 
closed within the outermost of the planetary orbits, viz., that 
of Neptune : wo may very probably add to these 

The Ring of the Zodiacal Light, which probably 
lies between the orbits of Venus and Mars ; and likewise, 
according to the opinion of numerous observers, 

The Swarms of the Meteor-Asteroids which more 
especially intersect the Earth's orbit at certain points 

C 2 
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In the enumeration of the 22 principal p anets, of which 
6 only were known before the 13th of March, 1781, the 14 
small planets, which are sometimes termed co-planets or as- 
teroids, and describe intersecting orbits between Mars and 
Jupiter, have been distinguished from the 8 larger planets 
by the use of smaller type. 

The following occurrences constitute mai7i epochs in the 
more recent history of planetary discoveries. The discovery 
of Uranus, as the first planet beyond Saturn's orbit, by Will- 
iam Herschel, at Bath, on the 13th of March 1781, who rec- 
ognized it by its motion and disk-like form ; the discovery of 
Ceres— the first observed of the smaller planets — on the 1st 
of January, I801j by Piazzi, at Palermo ; the recognition of 
the first interior comet, by Encke, at Gotha, in August, 1819, 
and the prediction of the existence of Neptune by I^everrier, 
at Paris, in August, 1846, by the calculation of planetary dis- 
turbances, as well as the discovery of Neptune by Galle, at 
Berlin, on the 23d of September, 1846. These important 
discoveries have not only tended directly to extend and en- 
rich our knowledge of the solar system, but have further led 
to numerous other discoveries of a similar nature ; as, for in- 
stance, to the knowledge of Gve other interior comets (of Bi- 
ela, Faye, De Yioo, Brorsen, and D* Arrest, between 1826 and 
1851), and of thirteen small planets, three of which, Pallas, 
Juno, and Yesta, were discovered from 1801 to 1807, and aft- 
er an interval of fully thirty-eight years, since Hencke's for- 
tunate and preconceived discovery of Astrsoa, on the 8th of 
December, 1845, the nine others were discovered, in rapid suc- 
cession, by llcncke. Hind, Graham, and Do Gasparis, from 
1845 to the middle of 1851. The attention of observers has 
of late been so extensively directed to the cometary world, that 
the orbits of thirty-three newly-discovered comets have been 
calculated during the last eleven years; hence, nearly as 
many as had been determined during the previous forty yean 
of this century . 
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I. 

THE SUN CONSIDERED AS THE CENTRAL BODT. 

The lantern oftJie world {lucerna Mundi), as Copemicun 
names the Sun,* enthroned in the center, is, according to 
Thcon of Smyrna, the all-vivifying, pulsating lieart of the 
Universe ;t the primary source of light and of radiating heat, 
and the generator of numerous terrestrial, electro-magnetic 
processes, and, indeed, of the greater part of the organic vital 
activity upon our planet, more especially that of the vegetable 
kingdom. In considering the expression of solar force in its 
"Widest generality, "we find that it gives rise to alterations on 
the surface of the Earth — partly by gravitative attraction — 
as in the ebb and flow of the ocean (if we except the share 
taken in the phenomenon by lunar attraction) — ^partly by light 
and heat-generating transverse vibrations of ether, as in the 
fructifying admixture of the aerial and aqueous envelopes of 
our planet, from the contact of the atmosphere virith the vap- 
orizing fluid element in seas, lakes, and rivers. The solar 
action operates, moreover, by diflierences of heat, in exciting 
atmospheric and oceanic currents, the latter of which have 
continued for thousands of years (though in an inconsiderable 
degree) to accumulate or wash away alluvial strata, and thus 
change the surface of the inundated land ; it operates in the 
generation and maintenance of the electro-magnetic activity 
of the Earth's crust, and that of the oxygen contained in the 
atmosphere ; at one time calling forth calm and gentle forces 
of chemical attraction, and variously determining organic life 
in the endosmoee of cell-walls and in the tissue of muscular 
and nervous fibres ; at another time evoking light-processes 
in the atmosphere, such as the colored coruscations of the polar 
light, the thunder and lightning, hurricanes, and water-spouts. 

Our object in endeavoring to compress in one picture the 

* I havo olready, 'In an onrlier part of tliis work (vol. ii., p. 308, and 
note *), given tlie passage imitated from the Somnium Scipionitt in ch. 
X. of the first book De Jkevolut 

t "The Smi is the heart of the Universe." — TheonU Smymait Pith 
toniei Liber de Asironomiaf ed. H. Maitin, 1849, p. 182, 298: rfji ifjtijfV' 
Xiac fiiaov rd nepi rov ^Xiov, olovel Kopdiav dvra ro^ navrdct f^ev ^ipov- 
oiv a^rod xal rrjv yjnjxvv Ap^afiivtjv dtti rravrdf ^Kttv rod auuaroc rera- 
uivtfv &nd Tuv nepdruv. (This new edition is worthy of notice, since it 
completes the peripatetic views of Adrastns, and many of the Platonic 
dogmas of Dercy Hides.) 
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influences of solar actioht in as fax as they are indopendcnt 
oi the orbit and the position of the axis of our globe, has been 
clearly to demonstrate, by an exposition of the connection ex- 
isting between great, and, at first sight, heterogeneous phe- 
nomena, how physical nature may be depicted in the History 
of the Cosmos as a whole, moved and animated by internal 
and frequently self-adjusting forces. But the waves of light 
not only exert a decomposing and recombining action on the 
corporeal world — they not or'iy call forth the tender germs of 
plants from the earth, generate the green coloring matter 
(chlorophyll) within the leaf, and give color to the fragrant 
blossom — they not only produce myriads of reflected images 
of the Sun in the graceful play of the waves, as in the moving 
grass of the field, but the rays of celestial light, in the varied 
gradations of their intensity and duration, are also mysteri- 
ously connected with the inner life of man, his intellectual 
susceptibilities, and the melancholy or cheerful tone of his 
feelings. " Ccdi tristitiam discutit Sol ct humani mtbila 
animi screfiat,** (Pliu., Hist. Nat.t ii., 0.) 

In the dosoription of oacii of tho cosinical bodies, I shall 
precede whatever consideration of their physical constitution 
may (except in the case of the Earth) be necessary by their 
respective numerical data. The numerical arrangement of 
these results is nearly identical with that which was adopted 
by Hansen,"!^ in his admirable Review of the Solar System^ 
although I have necessarily made some alterations and addi- 
tions in the data, from the fact that 1 1 planets and 3 satel 
lites have been discovered since 1637, the year in which Han- 
sen wrote. 

The mean distance of the center of the Sun from the Earth 
is, according to Encke's supplementary correction of the 
Sun^s parallax {Abhandlung der Berl. Akad.^ 1835, p. 309), 
82,728,000 geographical miles, of which 60 go to an equa- 
torial degree, and of which each one, according to Bessers 
- investigation of ten measurements of degrees ( Cosmos, vol. i., 
p. 165), contains exactly 951,807 toisos, or 5710*8405 Paris 
feet, or 6086*76 English feet. 

Light requires for its passage from the Sun to the Earth, 
i. e.\ to traverse the radius of the Earth's orbit, according to 
Struve*s observations of aberration, 8' 17"*78 (Cosmos, vol. 
iii., p. 83) ; whence it follows that the Sun's true position is 
about 20'''445 in alvanco of its apparent place. 

* Hansen, in Schumacher's Jahrhuch for 1837, p. 65-141. 
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The apparent diameter of the Sun, at its mean distance 
from the Earth, is 32' 1'''8, and therefore only 64"*8 greater 
than the Moon's disk at its mean distance from us. In the 
perihelion, "when in winter we are nearest to the Sun, the 
apparent diameter of the latter increases to 32' 34''* 6 ; in the 
aphelion, when in summer we are farthest from the Sun, its 
apparent diameter is diminished to 31' 30"' 1. 

The Sun*8 true diameter is 770,800 geographical miles, ot 
more than 112 times greater than that of the Earth. 

The mass of the Sun is, according to Encke*s calculation of 
Sabine's pendulum formula, 359,551 times that of the Earth, 
or 355,499 times that of the Earth and Moon together ( Vterte 
Abhandlung uber den Cometen von Pons in den Schr. der 
JBerl. Akad., 1842, p. 5) ; whence the density of the Sun is 
only about one fourth (or, more accurately, 0*252) that of the 
Earth. 

The volume of the Sun is 600 times greater, and its mass 
(according to Galle) 738 times greater than that of all the 
planets combined. It may assist the mind in conceiving a 
sensuous image of the magnitude of the Sun, if we remem- 
ber that if the solar sphere were entirely hollowed out» and 
the Earth placed in its center, there would still be room 
enough for the Moon to describe its orbit, even if the radius 
of the latter were increased 160,000 geographical miles. 

The Sun rotates on its axis in 25^ days. The equator in- 
clines about 7^ 30' toward the ecliptic. According to Lau- 
gier*s very careful observations {Compter Rcndus de VAcad, 
dcs Sciences, tom. xv., 1842, p. 94 1], the period of rotation 
is 25/^^ days (or 25d. 8h. 9m.), and the inclination of the 
equator 7° 9'. 

The conjectures gradually adopted in modem astronomy re- 
garding the physical character of the Sun's surface are based 
on long and careful observations of the alterations which take 
place in the self-luminous disk. The order of succession, and 
the connection of these alterations (the formation of the Sun- 
spots, the relation of the deep black nuclei to the surround- 
ing ash-gray penumbrffi), have led to the assumption that the 
body of the Sun itself is almost entirely dark, but surrounded 
at a considerable distance by a luminous envelope ; that fun- 
nel-shaped openings are formed in this envelope, in conse- 
quence of the passage of currents from below upward, and 
that the black nucleus of the spot is a portion of the dark 
body of the Sun which is visible through the opening. In or- 
der to render this explanation, of which we here only briefly 
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give the most general features, 8u£Soiently applicable to the 
details of the phenomena upon the surface of the Sun, science 
at present assumes the existence of three envelopes round the 
dark solar sphere ; viz., one interior cloud-like vaporous en- 
velope, next a luminous investment (photosphere), and above 
these, as appears to have been especially shown by the solar 
eclipse of the 8th of July, 1842, an external cloudy envelope, 
which is either dark or slightly luminous.'*^ 

As felicitous presentiments and sports of fancy — such sub- 
sequently realized speculations as abound in Grecian antiqui- 
ty — sometimes contain the germ of correct views long prior 
to any actual observation, so we find in the writings of Car- 
dinal Nicolaus de Cusa (in the second book De docta Igno- 
rantia), which belong to the middle of the fifteenth centui^, 
the clearly expressed opinion that the body of the Sun itself 
is only '^ an earth-like nucleus, surrounded by a circle of light 
as by a delicate envelope ; that in the center (between the 
dark nucleus and the luminous covering ?) there is a mixture 
of water-charged clouds and clear air, similar to our atmos- 

* *' D'aprds l'6tat actnol do nos connaiasancos astronomiqucs le Suleil 
Be compose, 1. d*un globe central k pea prds obscur; 2. d*une immense 
couche de nuages qui est sospendue k une certaine distance de ce globe 
etl*enveloppe de toutes parts ; 3. d'une pholo$phire ; en d'autres termes, 
d'une sphere respleudissante qui enveloppe la couche nuageuse, comme 
celle-ci, k son tour, enveloppe le noyau obscur. L'^clipse totale du 8 
Juillet, 1842, nous a mis sur la trace d*une troisieme enveloppe, situ^e 
au-dessus de la phototphire et formte do nuages obscurs ou faibloment 
lumineux. Co sont les nuaget do la troisidmo enveloppe solaire, situ^s 
en apparence, pendant rdclipso totale, sur le contour de Tastre ou un 
pou en dohora, qui out donu6 lieu k cos singulioros pro^minouces rou- 
geA tres qui en 1842 out si vivement excite I'attention du monde savant." 
** According to the present condition of our astronomical knowledge, 
the Sun is composea, 1st. of a central sphere which is nearly dark; 2d. 
of a vast stratum of clouds, suspended at a certain distance from the 
central body, which it surrounds on all sides; 3d. of a photospheret or, 
in other words, a luminous sphere inclosing the cloudy stratum, which 
in its turn envelops the dark nucleus. The total eclipse of the 8th of 
July, 1842, afforded indications of a third envelope, situated above the 
pkalotphere, and formed of dark or faintly illumined clouds. These 
clouds of the third solar envelope, apparently situated during the total 
eclipse on the margin cf the Sun, or even a little beyond it, gave rise 
to tnose singular, ro8e-c< lored protuberances, which so powerfully ex- 
cited the attention of the scientific world in 1842." — Arago, in the An- 
nuaire du Bureau des Longitudes pour Van 184G, p. 464, 471. Sir John 
Herschel, in his OtUlinet ^ Astronomy, p. 234, $ 395 (edition of 1849), 
thus exnrcssos himsolf: " Abovo the luminous surface of the Sun, and 
the region in which the spots reside, thura aro strong indications of the 
existonce of a gaseous atmosphere, having a somewhat imperfect traiui' 
parency." 



THE 8UN*B SPOTS. 63 

pheie ; and that the power of radiatinf^ light to vivify the 
vegetation of our Earth docs not appertain to the earthy nu- 
cleus of the Sun's body, but to the luminous covering by which 
it is enveloped." This view of the physical condition of the 
Sun*s body, which has hitherto been but little regarded in the 
history of astronomy, presents considerable similarity with the 
opinions maintained in the present day.* 

* I would, in tlio firet placo, give in tho original tho possoges to which 
I refer in the text, and to which my attention was directed uy a learned 
work of Clemens. (Giordano Bruno vndNieolaus von C««a,I847,$101.^ 
Cardinal Nicolaos de Cusa (whose family name was Khrypfis, i.e., Crab) 
was born at Cues, on the Moselle. He thus writes in the twelfUi chap- 
ter of the second book of the Treatise De doeta IgnoranUa (Nicolai ae 
Cusa Opera, ed. Basil, 1565, p. 39), a work that was much esteemed 
at that age : " Neque color nigredinis est argumentum vilitatis Terns ; 
nam in Sole si quis esset, non appareret ilia claritas qu(c nobis : consid 
erato enim corpore Solis, tunc nabet qnandam quasi terram centrali- 
orem, et qnanoam Inciditatem quasi ignilem circumferentialem, et in 
medio quasi aqueam nubem et a6rem clariorem, quemadraodum terra 
ista sua elementa." " Blackness of color is no proof of the inferiority 
of the Earth's substance ; for to an inhabitant of the Sun, if such there 
be, the same brilliancy of appearance would not be presented as to us: 
if we consider the Sun's boay, we shall conclude that it consists of a 
certain earthy substance in the center, surrounded by a luminous mat> 
ter, partaking, perhaps, of the nature of fire, and in the midst a sort of 
aqueous clouds and brighter atmosphere, resembling the elements of 
which tho Earth consists." To this are. appended tho wonls Paradoxa 
luid HyjnUt by tho lust of which, ho probably inidorstniHld {hvvifvia) 
certain speculations, vague and bold hypothosos. lu tlio linig Troatiso, 
ExereUationee ex Sermonibui Cardinaiis (Opera, p. 579), I again find 
tho following comparison : ** Sicut in Solo considornri potest natum cor- 
poralis, et ilia de so non est mocno) virtutis*' (notwithstanding tlie at« 
traction of masses or gravitation !) " et non potest virtutem suam aliis 
corporibus communicare, quia non est radiosa ; et alia natura lucida ilia 
nnita, ita quod Sol ex unione utriusaue natune habet virtutem qua) suf- 
ficit huic sensibili mundo, ad vitam innovandam in vegetabilibus et an- 
imalibus, in elementis et mineralibns per suam infiuentiam radiosam. 
Sic de Christo, qui est Sol Justitiie ....'* *' As in the Sun may be 
supposed to exist a corporeal nature, which of itself is of no great efli- 
cacy, and can not communicate its virtues to other bodies, because it is 
not radiant, and another nature united with this ; so that the Sun, from 
the union of the two natures, has a virtue which suffices for this sensi- 
ble world, to renew life in vesetables and animals, in elements and 
minerals, by its own radiant influence. So from Christ, the Sun of Jus> 
tice ....*' Dr. Clemens thinks that all this must be more than a 
mere felicitous presentiment. It appears to him unlikely that Cusa, in 
the expressions *' Coneideraio corpore Solis;" ** in Sole coneiderari po- 
ieti , , , " ** could have appealed to experience, without a tolerably 
accurate observation of the Sun's spots, both their darker portions and 
the penumbnc." He also conjectures " that tho penetration of the phi- 
losopher may have been in advance of the results of the science of hit 
nge, and that his views may have been influenced by discoveries which 
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The spots on the Sun, as I have already shown in the 
Historical Epochs of the Physical Contemplation of the 
Universe,^ were not first observed by Galileo, Scheiner, or 
Harriot, but by John Fabricius of East Friesland, who also 
was the first to describe, in a printed work, the phenomenon 
he had seen. Both this discoverer and Galileo, as may bo 
seen by his letter to the Principe Cesi (25th of May, 1612), 
were aware that the spots belonged to the body of the Sun 
itself; but ten or twenly years later, Jean Tardo, a canon of 
Sarlat, and a Belgian Jesuit, maintained almost simultane- 
ously that the Sun's spots were the transits of small planets. 
The one named them Sidera Borboniat the other Sidera 
Austriaca.f Sehoiner was the first who employed blue and 

have usually been ascribed to later observers.*' It is, indeed, not only 
possible, but even highly probable, that in districts where the Sun is 
obscured for mauy moutlis, as on tlio coast of Peru, during the earuaf 
oven uncivilized nations may have seen Sun-spots with the naked eye ; 
but no traveler has, as yet, affurdod any evidence of such appearances 
haying attracted attention, or having bueii incorporated ainong tho ro- 
litflous myths of their system of Sun-worship. The mero observation 
of the rare phenomenon of a Sun-spot, when seen by the naked eye, in 
the low, or faintly obscured, white, red, or perhaps greenish disk of the 
Sun, would scarcely have led even experienced observers to conjecture 
the existence of several envelopes around the dark body of the Sun. 
Had Cardinal de Ousa known any thing of the spots of the Sun, he 
would assuredly not have failed to refer to these mticvla Solis in the 
many comparisons of physical and spiritual things in which he was too 
much inclined to indulge. We need only recall the excitement and 
bitter contention with which the discoveries of Joh. Fabricius and Gal- 
ileo were received, soon after the invention of the telescope in the 
beginning! of the seventeenth century. I have already referred (Co<* 
tnoif vol. li., p. 311) to the obscurely expressed astronomical views of 
the cardinal, who died in 1464, and therefore nine years before the 
birth of Copernicus. The remarkable passage, ** Jam nobis manifest- 
urn est Terram in veritate moveri;*' "Now it is evident that the Earth 
really moves," occurs in lib. ii., cap. 12, De docta Ignorantia. Accord 
ing to Cusa, motion pervades every portion of the celestial regions; we 
do not even find a star that does not describe a circle. ** Terra nou 
potest esse fixa, sed movetur ut alioB stollo) ;" ** The Earth can not be 
fixed, but moves like other stara." The Earth, however, does not re- 
volve round tho Sun, but tho Earth and the Sun rotate *' around tho 
ever-changing pole of the universe." Ousa did not, therefore, hold the 
Copemican views, as has been so successAiUy shown by Dr. Clemeus's 
discovery, in the hospital at Cues, of the fragmentary notice written in 
the cardinal's own hand in 1444. * Cosmos, vol. ii., p. 324-326. 

t Borbonia Sidera, id est, planets qui Solis lumina circumvolitant 
motu proprio et regulari, false hactenus ab helioscopis maculse Solis 
iiuncupati, ex novis observationibus Joannis Tarde, 1620. Auttriaea 
Sidera heliocyclica astroiiomicis hypotliesibus illigata opera Caroli Mai- 
apertii Delgie Moiitonsis e Societate Jesu, 1633. Tho latter work has 
■t all events the merit of affording observations of a succession of spots 
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green stained glasses in solar observations, ^hich had been 
proposed seventy years earlier by Apian (Bienowitz), in the 
Astronomicum Ccesareum, and had also been long in use 
among Belgian pilots.* The neglect of this precaution con- 
tributed much to Galileo's blindness. 

As far as I am aware, the most definite expression of the 
necessity for assuming the existence of a dark solar sphere, 
surrounded by a photosphere, grounded upon direct observa- 
tion after the discovery of the Sun's spots, is first to bo met 
with in the writings of the great Dominique Ca8sini,t and 
belongs probably to about the year 1671. According to his 
views, the solar disk which we see is "an ocean of light sur- 
rounding the solid and dark nucleus of the Sun ; the violent 
movements (up-tvellings) which occur in this luminous en- 
velope* enable us from time to time to see the mountain sum- 
mits of the non-luminous body of the Sun. These constitute 
the black nuclei in the center of the Sun*s spots." The ash- 
colored penumbra) surrounding these nuclei had not then been 
explained. 

between 1618 and 1626. This period includes the years for which 
Scheioer published his own observations at Rome in his Rota Ursina. 
The Canon Tarde believes those appearances to be the transits of small 
planets, because " Toeil du uionde ne pent avoir des ophthalmies,'' ** the 
eyo of the nniverso can not experience ophthalmia." It must justly 
oxcito surprise tlnit the meritorious obsorvor, Gascoigno (see Cotmoi; 
vol. iii., p. 61), should, twenty years a(ler Tarde's uotico of the Uor- 
bonic satellites, Siiil have ascribed the Sun's spots to a conjunction of 
numerous planetary bodies revolving round the Sun in ctoso proximity 
to it and in almost intcrsoctiug orbits. Several of these bodies, niacou, 
as it were, one over another, were supposed to occasion the black shad- 
c> ws. (Philos, Transact., vol. xxvii., 17 10-17 12, p. 282-290, from a let- 
ter of William Crabtree, August, 1640.) 

* Arago, 8ur les moyens ^Observer let taehet Solairet, in the Annu» 
aire pour Van 1842, p. 476-479 ; Delambre, Hitt. de VAttronomie du 
Moyen Age, p. 394 ; and his Hitt, de VAttronomie Modeme, tom. i., p. 
681. 

t Mimoiret pour tervir a VHittoire det Seiencet, par M. le Comte do 
Cnssini, 1810, p. 242 ; Delambre, Hitt. de VAtir, Mod., torn, iii., p. 694. 
Although Cassmi in 1671, and La Hire in 1700, had declared the Sun's 
body to be dark, otherwise trustworthy and valuabio text-books on as- 
tronomy still continue to ascribe the first idea of this hviKHhosis to the 
meritonous Lalande. Lalande, in the edition of 1792, of nis Attronomie, 
tom. iii., $ 3240, as in the first edition of 1764, tom. ii., $ 2515, merely 
adopts the older view of La Hire, according to which " les taches sout 
les eminences de la masse solide et opaque du Soleil, reconverts com- 
mnu^ment (en entier) par le fluide ign^ ;" " the spots are the elevations 
of the solid and opaque mass of the Suo, coverea by an igneous fluid." 
Alexander Wilson, between the years 1769 and 1774, conceived the first 
correct view of a funnel-shaped opening in the photosphere. 
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An ingenious observation, which has subsequently been 
fully confirmed, made by the astronomer, Alexander Wilson 
of Glasgow, of a large solar spot, on the 22d of Novembe. 
1769, led him to an elucidation of the penumbrsB. Wilson 
discovered that as a spot moved toward the Sun's margin, 
the penumbra became gradually more and more narrow on 
the side turned toward the center of the Sun, compared with 
•the opposite side. The observer, in 1774, very correctly con- 
cluded,'*^ from these relations of dimension, that the nucleus 
of the spot ^tho portion of the dark solar body visible through 
the funnel-shaped excavation in the luminous envelope) was 
situated at a greater depth than the penumbra, and that the 
latter was formed by the shelving lateral walls of the funnel. 
This mode of explanation did not, however, solve the ques- 
tion why the penumbne were the lightest near the nuclei. 

The Berlin astronomer, Bode, in his work entitled '* Thoughts 
on the Nature of the Sun, and the Formation of its Spots" 
(^Gedanken ilber (^ie Natter der So7ine und die Entstehung 
threr Fleckcn\ developed very similar views with his usual 
perspicuity, although he was unacquainted with Wilson's ear- 
lier treatise. He, moreover, had the merit of having facili 
tated the explanation of the penumbras, by assuming, very 
much in accordance with the conjectures of Cardinal Nicolaus 
de Gusa, the existence of another cloudy stratum of vapor be- 
tween the photosphere and the dark solar body. This by* 
pothesis of two strata leads to the following conclusions : If 
there occur in less frequent cases an opening in the photo- 
sphere alone, and not, at the same time, in the less transpar- 
ent lower vaporous stratum, which is but faintly illumined by 
the photosphere, it must reflect a very inconsiderable degree 
of light toward the inhabitants of the Earth, and a gray pe- 
numbra will be formed — a mere halo without a nucleus ; but 
when, owing to tumultuous meteorological processes on the 
surface of the Sun, the opening extends simultaneously through 
both the luminous and the cloudy envelopes, a nucleoid spot 
will appear in the ash-gray penumbra, " which will exhibit 

* Alexander Wilson, Obtervaiioni on the Solar Spots, writes as fol- 
lows iu the Phtiot. Trantact., vol. Ixiv., 1774, part i., p. 6-13, tab. i. : 
** I found that the umbra, which before was equally broad all rouud the 
nucleus, appeared much contracted on that part which lay toward the 
center of the disk, while the other parts of it remained nearly of the 
former dimensions. I perceived that the shady zone or umbm, which 
surrounded the nucleus, might be nothing else but the ^helving sides 
of the luminous matter of the Sun.*' Compare also Arago, in the Aunu- 
aire for 1842, p. 506. 
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more or less blackness/ according as the opening occurs op- 
posite to a sandy, rocky, or aqueous portion of the surface of 
the Sun's disk.')*' The halo surrounding the nucleus is fur- 
ther a portion of the outer surface of the vaporous stratum ; 
and as this is less opened than the photosphere, owing to the 
funnel-shaped form of the whole excavation, the direction of 
tho passage of the rays of light, impinging on both sides on 
the margins of the interrupted envelope, and reaching the 
eyes of the observer, occasions the difference, first noticed by 
Wilson, in tho breadth of tho opposite sides of the penumbra, 
which appears ailer the nucleoid spot has moved away from 
the center of the Sun's disk. If, as Laugier has frequently 
remarked, the penumbra passes over the black nucleus, caus- 
ing it wholly to disappear, this obscuration must depend on 
the closing of tho opening — ^not of tho photosphoro, but of the 
vaporous stratum below it. 

A solar spot, which was visible to the naked eye in tho year 
1779, fortunately directed William Herschers superior pow- 
ers of observation and induction to the subject which we have 
been considering. We possess the results of his great work, 
which treats of the minutest particulars of the question in a 
very definite manner, and in a nomenclature established by 
himself. His observations appeared in the Philosophical 
Transactions for 1795 and for 1801. As usual, this great 
observer pursued his own course independently of others, re- 
ferring only in one instance to Alexander Wilson. In their, 
general character, his views may be regarded as identical' 
with those of Bode, and he bases tho visibility and dimensions 
of the nucleus and the penumbra (Philos. Transact,, 1801, 
p. 270, 318, tab. xviii., fig. 2) on the assumption of an open- 
ing in two envelopes, while he assumes the existence of a 
clear and transparent aerial atmosphere (p. 302) between the 
vaporous envelope and tho dark body of the Sun, in which 
clouds that are either wholly dark, or only faintly illumined 
by reflection, are suspended at a height of about 280 to 320 
geographical miles. William Herschel seems, in fact, also 
disposed to regard tho photosphere as a mere stratum of 
unconnected phosphorescent clouds of very unequal surface. 
According to his view, " an elastic fluid of unknown nature 
rises from the crust or surface of the dark solar body, gener- 
ating only small luminous pores in the higher regions where 
the action is weak, and large openings, with nuclei, sur* 

* Bode, in the Besehdftigungen der Berlinitehen Oesdltehaft N<Uur» 
^ortckender Freunde, bd. ii., 1776, p. 237-^41, 249. 
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rounded by sJmIIows or penumbroo, "where the action is more 
tumultuous." 

The black spoU, which are seldom round, almost always 
angularly broken, and characterized by entering angles, are 
frequently surrounded by halos or penumbrss, which exhibit 
the same figure on a larger scale. There is no appearance 
of a transition of the color of the spot into the penumbra, or 
of the latter, which is sometimes filamentous, into that of the 
photosphere. Capocci and PastorfT (of Buchholz, in Bran- 
denburg) — most diligent observers — have borth given very 
accurate representations of the angular form of the nuclei. 
(Schum., Astr. Ndchr,, No. 115, p. 316 ; No. 133, p. 291 ; 
No. 144, p. 471.) William Herschel and Schwabe saw the 
nucleoid spots divided by bright veins or luminous bridges — 
.phenomena of a cloud-like nature generated within the second 
stratum whore the penumbne originate. These singular con- 
figurations, which probably owe their origin to ascending cur- 
rents, the tumultuous formation of spots, solar faculie, furrows, 
and projecting stripes (o'cs/s oflumhunn waves), indicate, 
according to fc^ir William Herschel, an intense evolution of 
light ; while, on the other hand, according to the same great 
authority, " the absence of solar spots and their concomitant 
phenomena seems to indicate a low degree of combustion, and, 
consequently, a less beneficial action on the temperature of 
our planet, and the development of vegetation." These con- 
jectures led Sir William Herschel to institute a series of com- 
parisons between the prices of corn and the complaints of poor 
crops,"*^ and the absence of solar spots, between the years 167G 
and 1684 (according to Flamstead), from 1686 to 1688 (ac- 
cording to Dominique Cassini), from 1695 to 1700, and from 
1795 to 1800. Unfortunately, however, we can never attain 
a knowledge of the numerical elements on which to found 
even a conjectural solution of such a problem ; not only, as 
this circumspect astronomer has himself observed, because the 
price of corn in one part of Europe can not be taken as a cri- 
terion of the state of vegetation over the whole Continent, but 
more especially because a diminution of the mean annual 
temperature, even if it affected the whole of Europe, would 
afford no evidence that the Earth had derived a smaller 
quantity of solar heat throughout that year. It apjiears from 
Dove's investigations of the irregular variations of tempera- 
ture, that extremes of meteorological conditions always lie 

* William Herachel, in the Philosophical Tramsaetiom of the Royal 
Society fur 1801, part ii., p. 310-316. 
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lateraUy by one another, t . e., in almost eqnal degrees of lat- 
itude. Our own continent, and the temperate parts of North 
America, generally present such contrasts of temperature. 
When our winters are severe, the season there is mild, and 
sonversely. These compensations in the local distribution of 
heat, when associated with vicinity to the ocean, are attend- 
ed by the most beneficial results to mankind, owing to the 
indubitable influence exercised by the mean quantity of sum- 
mer heat on the development of vegetation, and consequently 
on the ripening of the cereals. 

While William Herschel attributed an increase of heat on 
the Earth to the activity of the central body — a process from 
which result spots on the Sun — Batista Baliani, almost two 
and a half centuries earlier, in a letter to Galileo, described 
solar spots as cooling agents.* This opinion coincides with 
the experiment made by the zealous astronomer Gautierf at 
Geneva, in comparing four periods characterized by numer- 
ous and by few spots on the Sun*s disk ffrom 1827 to 1843), 
with the mean temperatures presented by thirty- three Euro* 
pean and twenty-nine American stations of similar latitude. 
This comparison proves, by positive and negative diflcrences, 
the contrasts exhibited by opposite Atlantic coasts. The final 
results, however, scarcely give 0'76° Fahr. as the cooling 
force ascribed to the Sun's spots, and this might with equal 
propriety bo attributed to errors of observation and the direc- 
tion of the winds at the localities indicated. 

It still remains for us to notice the third envelope of tlio 
Sun, to which we have already referred. This is the most 
external of the three, inclosing the photosphere, is cloudy, and 
of imperfect transparency. The remarkable phenomena of 

* We find a reference in the hiBtoiical fragments of the elder Cato to ^ 
an official notice of the high price of corn, and an obacnration of the 
Sun's disk, which continue^ for many months. The ** luminis ealigo*^ 
and " d^eetui Solis" of Roman authors does not invariably indicate an 
eclipse of the San ; as, for instance, in the account of the long-continued 
diminution of the Sun's light after the death of Ciesnr. Thus, for in- 
stance, we read in Aulus Gellius, Noet, AU., ii., 28, ** Verba Oatonis in 
Originum quarto haec sunt: non libet scribere, quod in tabula apud 
Pontificem maximum est, quotiens anona cara, quotiens Lunie an Solis 
lumini caligo, aut quid obstiterit" '* The words of Cato in the fourth 
book of his OrxBtnet are these : I may not write what is frequently en- 
tered in the taoles of the priests, that com was dear whenever there 
was any decrease in the light of the Sun and Moon, or when any thing 
obscured tlium.*' 

t Gautier. Recherche* relative* a V Influence que le nombre det ttuhe* 
SoCaires ezerce 9ur let tempirature* Terrettre*, in the BiblioiJUque Uni- 
vet Me dc Oenive, Nouv. S6rie, torn, li., 1844, p. 327-335. 
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red, mountain, or flame-like elevations, ivhich, if not seen for 
the first time, were at all events more distinctly visible during 
the eclipse of the Sun of the 8th of July, 1842, when they 
were simultaneously noticed by several of the most experi- 
enced observers, have led astronomers to assume the existence 
of a third envelope of this kind. Amgo, in a treatise devoted 
to the subject,* has with much ingenuity tested the several 
observations, and enumerated the grounds which necessitated 
the adoption of this view. He has at the same time shown 
that since 1706 similar red marginal protuberances have been 
eight times described on the occasion of total or annular so- 
lar eclipses. t On the 8th of July, 1842, when the apparently 
larger disk of the Moon entirely covered the Sun, the Moon's 
disk was observed to be surrounded not only by a whitish 
lights encircling it like a crown or luminous wreath, but two 
or three protuberances were also seen, as if originating at its 
margin, and were compared by some observers to red jagged 
mountains, by others to reddened masses of ice, and again by 
others to fixed indented rod flames. Arago, Laugior, and 
Mauvais at Pcrpignan, Petit at Moutpelier, Airy on the Su- 
perga, Schumacher at Vienna, and numerous other astrono- 
mers, agreed perfectly in the main features of the final re- 
sults, notwithstanding the great difTcrences in the instruments 
they employed. The elevations did not always appear simul- 
taneously ; in some places they were even seen by the naked 
eye. The estimates of the angles of altitude certainly differ- 
ed ; the most reliable is probably that of Petit, the director 
of the Observatory at Toulouse. He fixed it at 1' 45", which, 
if these phenomena were true sun-mountains, would give an 
elevation of 40,000 geographical miles ; that is to say, nearly 
seven times the Earth's diameter, which is only 112th part 
of the diameter of the Sun. The consideration of these phe- 
nomena has led to the very probable hypothesis that these 
red figures are emanations within the third envelope — fnasses 
of clouds which illumine and color the photosphere. § Ara- 

* Arago, in the Annuaire for 1846, p. 271'43S. 

t Id., Ibid., p. 440-447. 

t This is the white appearance which was also observed in the solar 
eclipse of the 15th of May, 1836, and which the great astronomer of 
KOnigsberg very correctly described at the time by observing ** that 
although the Moon's disk entirely covered the Sun, a luminous corona 
still encircled it, which was a portion of the Sun*s atmosphere.*' (Bes- 
sel, in Schum., A$lr. Naehr,, No. 320.) 

$ " Si nous examinions de plus prds I'explication d'aprds laquelle les 
protuberances rouge Atres seraient assimilies k des nuages (de la troi- 
si^mo enveloppe), nous ne trouvorions aucun principe de physique qui 
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go, in putting forward this hypothcBiSi exprosacs tho conjeo' 
turo that tho intonso bluo color of tho sky, whioh I have my- 
self measured upon the lofliest part of the Cordilleras, though 
with instruments which are certainly still very imperfect, 
may afibrd a convenient opportunity for frequently observing 
these mountain-like clouds in the outermost atmosphere of 
the Sun.* 

When we consider the zone in which solar spots are most 
commonly observed (it is only on the 8th of June and the 9th 
of December, that the spots describe straight lines on the Sun*s 
disk, which at the same time are parallel with one another 
and the Sun's equator, and not concave or convex), we are 
struck by the fact that they have rarely been seen in the 

nouB emp6ch&t d'admettre que des masses nuagpases de 25,000 k 
30,000 lieues de lon^ flottent dans ratmosphdre da Soleil; quo ces 
masses, comme certams nuages de Patmosphere terrestre, ont des con- 
tonrs arr6t^, qu'elles afiectent, 9a et \k, des formes tr^s toarment^s, 
m^me des forms en surplomb ; que la lami6re solaire (la photosphdre) 
les colore en rouse. Si cette troisi^me enveloppe existe, elle donnera 
peat>6tre la clef de quelques-unes des grandes et d^plorables anomalies 
que Ton remarque clans le coars des saisons." "On exominiiig more 
closely the grounds on which these rose-colored protuberances are com- 
pared to clouds (of the third atmosphere), wo do not find any principle 
in physics which would oppose the assumption that masses of clouds 
extending from 25,000 to 30,000 leagues, float in the Sun*s atmosphere ; 
tliat those masses, like some clouds in our terrestrial Atmosphere, ns« 
•umo contours oxiiibiting hero nnd tlioro miioh-involvod forms, op[N)Qf> 
iuff sometimes even sloping or inverted, as it wore ; ond that they aro 
colored red by the light of tho Sun (the photosphere). If this third 
atmosphere octually exist, it may, perhaps, tend to solve some of those 
vast and deplorable auomnlies which We observe in the course of the 
seasons.'' — ^Arago, in the Annuaire for 1846, p. 460, 467. 

* " Tout ce qui afiaiblira sensiblement I'lntensit^ ^lairante de la 
portion de I'atmosphdre terrestre qui paralt entourer et toucher le con- 
tour circulaire du Soleil, pourra contribuer k rendre les preeminences 
rougefttres visibles. II est done permis d'esp^rer qu'un astronome ex- 
orcl, ^tabli au sommet d'une tr^s haute montagne, pourrait y observer 
r^gulidrement les nuagea de la troitiime enveloppe solairef situds, en ap- 
parence, sur le contour de Tastre ou un pen en dihorSf determiner ce 
qu'ils ont de permanent et de variable, noter les p6riodes do disparition 

et de r^apparition " Whatever will perceptibly diminish the 

brilliant intensity of that portion of the terrestrial atmosphere which 
appears to inclose and touch the circumference of the Sun, may con 
tribute to render the rose-colored protuberances visible. We may 
therefore, hope that an experienced astronomer may succeed, on the 
summit of some high mountain, in making systematic and regular ob 
•ervations of tho elouda of the third eolar envelope, which appear to be 
situated on tho margin of the Sun, or a little beyond ii, and thus determ 
ine the permanence or variability of their character, and note th 
epochs of their diaoppeoronce and reappearance . . . ."— Arogo, Jbid» 
p. 471. 
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equatorial region between 3^ nortli and 3^ south latitude^ 
and that they do not occur at all in the polar regions. They 
are, on the whole, most frequent in the region between 11^ 
and 15^ north of the equator, and generally of more common 
occurrence in the northern hemisphere, or, as Sommering 
maintains, may be seen there at a greater distance from the 
equatorial regions than in the southern hemisphere. {Out- 
lines, i 393 ; Observations at Uie Cape, p. 433.) Galileo 
even estimated the extreme limits of northern and southern 
heliocentric latitude at 29^. Sir John Herschel extends them 
to 35^, as has also been done by Schwabe. (Schum. Astr. 
Nachr.t No. 473.) Laugier found some spots as high as 41^ 
(Comptes RenduSy torn, xv., p. 944), and Schwabe even in 
50^. The spot observed by La Hire in 70° north latitude, 
must be regarded as a very rare phenomenon. 

This distribution of spots on the Sun's disk, their rarity 
under tlie equator and m the polar regions, and their paral- 
lel position in reference to the equator, led Sir John Herschel 
to the conjecture that the obstructions which the third vapor- 
ous external utmosphoro may present at some points to the 
liberation of heat, generates currents in the Sun's atmosphere 
from the poles toward the equator similar to those which upon 
the Earth occasion the trade- winds and calms near the equa- 
tor, owing to diflcrences of velocity in each of the parallel 
zones. Some spots are of so permanent a character that they 
have continued to appear for fully six months, as was the case 
with the large spot visible in 1779. Schwabe was enabled 
to follow the same group eight times in the year 1840. A 
black nucleoid spot, delineated in Sir John Herschel's Ob- 
servations at tlie Cape (to which I have made such constant 
reference), was found, by accurate measurement, to be so large, 
that supposing the whole of our Earth to be propelled through 
the opening of the photosphere, there would still have re- 
mained a free space on either side of more than 920 geograph- 
ical miles. Sommering directs attention to the fact that there 
are certain meridian belts on the Sun's disk in which he had 
never observed a solar spot for many years together. ( Thilo, 
de Solis maculis a Saemmeringio observatis, 1828, p. 22.) 
The great differences presented in the data given for the pe- 
riod of revolution of the Sun are not, by any means, to be a*- 
cribed solely to want of accuracy in the observations ; they 
depend upon the property exhibited by some spots, of chang- 
ing their position on the disk. Laugier has devoted special 
attention to this subject, and has observed spots which would 
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give separate rotations of 24d. 28m. and 26d. 46m. Our 
knowledge of the actual period of the rotation of the Sun can 
therefore only be regarded as the mean of a large number of 
observations of those maculsB, which, from their permanence 
of form, and invariability of position in reference to other co- 
existent spots, may form the basis of reliable observations 

Although solar macule may be more frequently seen by the 
naked eye than is generally supposed, if the Sun's disk be at- 
tentively observed, there yet occur not more than two or three 
notices of this phenomenon between the beginning of the ninth 
and of the seventeenth centuries, on the accuracy of which we 
can rely. Among these I would reckon the supposed reten- 
tion of Mercury within the Sun*s disk for eight days, in the 
year 807, as recorded in the annals of the Prankish kings, 
iirst ascribed to an astronomer of the Benedictine order, and 
subsequently to Eginhard ; the 91-days transit of Venus over 
the Sun, under the Calif Al-Motassem, in the year 840 ; and 
the Signa in Sole of the year 1096, as noticed in the Stain- 
delii Chronicon. I have, during several years, made the 
epochs of the mystenous obscurations of the Sun which have 
been recorded in history-— or, to use a more correct expression, 
the periods of the more or less prolonged diminution of bright 
daylight — the subject of special investigation, both in a mete- 
orological and a cosmical point of view.* Since large num- 

* Although it can not be doubted that individual Greeks and Romans 
may have scon lurgo Sun-npots with the naked evo, it is at all events 
certain that such obsorvations liavo never boon rofurrod to in any of the 
works of Greek and Roman authors that have come down to us. Tlio 
passages of Theophrastus, De Signist iv., 1, p. 797 ; of Aratus, Diosem,, 
v., 90-92 ; and of Proclus, Paraphr.f 11, 14 Ju which the younger Ideler 
(MeUorol. Fe^um, p. 201, and ui the Commentary to Aristotle, Afefeor., 
tom. i., p. 374) thought he could discover references to the Sun's spots, 
merely imply that tne Sun's disk, which indicates fine weather, exliib- 
its no uifTerence on its surface, nothing remarkable (fitfdi ri afjiia ^ipoi), 
but, on the contrary, perfect uniformity. The afjiia, the dappled sui^ 
face, is expressly ascribed to light clouds, the atmosphere (the scholiast 
of Aratus says, to the thickness of the air) ; hence we always hear of 
the morning and evening Sun, because their disk, independently of nil 
Sun-Sj)ots, are supposed, even in the present day, acconlinff to an old 
belief, not wholly unworthy of regard, to give notice to the farmer and 
the mariner, as diapkanomelera, of coming changes of weather. The 
6un*s disk, on the horizon, gives an iudication of the condition of the 
lower atmospheric strata which are nearer the Earth. The first of the 
Sun-spots noticed in the text as visible to the naked eye, and falsely re- 
garded in the years 807 and 840 as transits of Mercury and Venus, is 
recorded in the great historical collection of Jnstus Reuberus, Vetere$ 
Scriptorei (1726), in the section Annalet Regnm Francorum Pipiniy 
Karoli Magni tt Ludovici, a qtiodam eju$ tUaiu AstronomOt Ludoviei re- 
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bers of solar BpoU (Hevelius observed a group of this kind od 
the 20th of July, 1643, which covered the third part of the 

gii domestieo, eotueripU, p. 58. These annals were originally ascribed 
to a Benedictine monk (p. 28), bnt subsequently, and correctly, to the 
celebrated Egiuhard, Charlemagne's secretary. — See Annalu Einhardi, 
in Pertz, MonumaUa Oermanue Historica, Script., torn, i., p. 194. The 
following is the iHissage referred to: " DCCCOVII. Stella Mercurii xvi 
kal. April, visa est in Sole qnalis parva macula ni^ra, paululam superiu8 
medio centra qjusdcm sideris, ana a nolnt octo dies conspicata est ; sod 
quaudo primum iutruvit vol exivit, nubibus impedientibus, minime no- 
ture i>otuimu8." ** On the 15th of March, DCCCOVII., Mercury ap- 
peared to be a small black spot on the Sun, a little above his center, 
and was visible to us in that position for eight days ; but, owing to the 
obstruction offered by the clouds, we were not able to see either when 
it reached or left that pluce.** Tlie so-called transit of Venus recorded 
by the Arabian astronomers, is noticed by Simon Assemauus in the In- 
troduction to the Olobus Calestis Cufico-Aralncui Veliterni Musci Bor- 
giani, 1790, p. xxxviii. : ''Anno Ho^yru) 225, rognanto Ahnootasemo 
Ohulifu, visa ost in Solo propo mudiuin nigra quiDdam macula, idquu 

foritt turtia dio duciniu nona monsis Rogobi " This up|>caranco 

was boliuvod to bo tho rilanot Vuuus, and the same black tpot, (macula 
uigrit) was supiNtscd to hiivo boon soon for 91 days (probably wiih in- 
termisHions ol twulvo or thirteen days 7). S<M)n uftor this, the reigning 
Calif Motusscm died. I have selected the following seventeen exam- 

Sles from a large number of facts collected from the historical records 
erived from popular tradition, as to the occurrence of a sudden de 

crease in the light of the Sun : 

45 B.C. At the death of Julius Caesar: after which event the Sun re- 
mained pale for a whole year, and gave less than its usual warmth ; 
on which account the air was thick, cold, and hazy, and fruit did not 
ripen. — Plutarch mJuL C<r«.,cap. 87 ; Dio C7aM.,xliv.; Virg., Oeorg., 
i., 466. 

33 A.D. The year of the Crucifixion. "Now from the sixth hour 
there was darkness over all the land till the ninth hour.*' (St. Mat 
thew, xxvii., 45.) According to St. Luke, xxiii., 45, ** the Sun was 
darkened." In order to explain and corroborate these narrations, 
Eusebius brings forward an eclipse of the Sun in the 202d Olympiad, 
which had been noticed by the chronicler, Fhlegon of Tralles. (Ide- 
ler, Handbuch der Mathem, Chronologitt bd. ii., p. 417.^ Wurm has, 
however, shown that the eclipse which occurred dunng this Olym- 
piad, and was visible over the whole of Asia Minor, must have hap- 
pened as early as the 24th of November, 29 A.D. The day of the 
Crucifixion corresponded with tlie Jewish Passover (/(/«/cr, bd. i.,p. 
515-520V on the 14th of tho month Nisan, and the Passover was al- 
ways celebrated at the time of tho full moon, Tho Sun can not, 
therefore, have been darkened for three hours by the Moon. The 
Jesuit Scheiner thinks the decrease in the light might be ascribed to 
the occurrence of large Sun-spots. 

358 A.D. A darkening continuing two hours, on the 22d of August, 
before the fearful earthquake of Nicomedia, which also destroyed 
several other cities of Macedonia and Pontus. The darkness con- 
tinued from two to three hours: "nee contigua vel adptsita cerno 
bantur." " Without cither contiguous objects or those m juxtap^si 
tion being discernible." — Ammian, Marcell., xvii., 7. 
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Sun's disk) have always been accompanied bv numerous fao- 
ula), I am not much disposed to ascribe to nucleoid spots those 

360 A.D. In all tlie eastern provinces of the Roman empire, '*per 
Eoos tractus/' there was obscurity from early dawn tiU uoon ; " Ca* 
ligo a primo aarora exortu adusque meridiem," Ammian. Mareell-t 
XX. , 3 ; but the stars continued to shine: consequently, there could 
not have been any shower of ashes, nor, from the lon/f duration of 
the phenomenon, could it be ascribed to the action of a total eclipse 
of the Sun, to which the historian refers it. ** Cum lux cwlestis ope- 
riretur, e muudi conspectu penitus luce abrepta, defecisse diutius so- 
lem pavidie mentes hominum cstimabant: primo attenuatum in lunie 
coniiculantis effigiem, deinde in speciem auctum semenstrem, post> 
eaque in integrum restitutum. Quod alias non evenit ita perspicue, 
nisi cum post ineequales cursus intermenstruum lunte ad idem revo- 
catur." ** When the light of heaven, suddenly and wholly concealed, 
was hidden from the worid, trembling men thought tho Sun had loft 
them for a very long time; at first it assumed the form of a horned 
moon, then increased to half its proper size, and was finally restored 
to its integrity. But it did not appear so bright until, after all ir- 
regular motions were over, it returned." This description entirely 
corresponds with a true eclipse of the Sun ; but how are we to ex- 
plain its long duration, and the ** caligo" experienced in all the prov- 
inces of the East 7 

409 A.D. When Alaric appeared before Rome, there was so great a 
darkness that the stars were seen by day. — Schnurrer, Chrcnik det 
Seueken, th. i., p. 113. 

536. Justinianus I. Csesar imperavit annos triginta-octo (727 to 565). 
Anno imperii nono deliquium Incis pnssus est Sol, quod annum inte- 
grum et duos amplius menses duravit, adoo ut parutn admodum do 
luce ipsius apimreret ; dixenuit(|ue homines Soli aliquid accidisso, 
quod nunquam ab eo recederet." *' In the ninth year of the reign 
of Justinian I., who reigned thirty-eight years, the Sun suflercd nn 
eclipse, which lasted a whole year and two months, so that very little 
of his light was seen; men said that something had clung to tho Sun, 
from which it would never be able to disentangle itself."-— Gragorins 
AbuM-Faitigius, Supplementum Hisioria DynaUiamm^ ed. Edw. Po- 
cock, 1663, p.'94. This phenomenon appears to have been very sim- 
ilar to one oDserved in 1783, which, nltnough it has received a name 
(HOhenrauch),* has in many cases not been satisfactorily explained. 

567 A.D. " Jnstinus II. annos 13 imperavit (565-578). Anno imperii 
ipsius secundo apparuit in cobIo ignis flammans juxta |)oluni arcticnm, 
qui Bunum integrum permansit; obtexeruntque tencbne mnndnm nli 
hora diei nona noctem usque, adeo ut nemo quicquam videret; do- 
ciditque ex afire auoddam pulveri minuto et cineri simile." "In 
the second year ot the reign of Justinian II., who reigned thirteen 
years, there appeared a flame of fire in the heavens, near the Norili 
Pole, and it remained there for a whole year; darkness was cast over 
the world from three o'clock until night, so that nothing could he 
seen; and something resembling dust and ashes fell down from tho 
sky." — AbuM-Farag., I. c, p. 95. Could this phenomenon have con 
tinned for a whole year like a perpetual northern light (magnolia 
storm), and been succeeded by aarkuess and showers of meteoric 
dnstf 

* A kind of thick, yollowish fog, common In North Germany. 
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obsourationt during which Btars wore partly visible, as in io« 
tal Bolar eciipaes. 



62G A.D. According also to Abu'I-Farag. (Hisi, DynagL, p. 94, 99), 
bnlf of the Suii'a duk continued obscured for eight months. 

733 A.D. One year after the Arabs had been driven back across the 
Pyrenees after the battle of Tours, the Sun was so much darkened 
on the ]9ih of August as to ezcito universal terror. — Schnurrer, 
Chron.t theil i., p. 164. 

80/ A.D. A Sun-spot was observed, which was believed to be the 
planet Mercury. — Beuber, Vel» Script,, p. 58 (see p. 70). 

840 A.D. , From the 28lh of May to the 26lh of August (Assemaui 
singularly enough gives the date of May, 839), the so-called transit 
of Venus across the Sun's disk was observed. (See above, p. 73- 
74.) The Culif Al-Mutassem reigned from 834 to 841, when he was 
succeeded by Harun-el-Vatok, the ninth Calif. 

934 A.D. lu the valuable work HUtoria de Portugal, by Faria y 
Souza, 1730, p. 147, I find the following passage : '* En Portugal so 
vi6 sin luz la tiunu pur dos meses. Avia el Sul pcrdido su splendor.*' 
The Eiu'Ui was without light for two months in Portugal, for tlio 
Sun hud lost its brightness. The houvens wuro then opened in fis- 
sures ** {Mr fnitituru,'' by strong llushus of lightning, when there was 
suddenly bright Mun-liglit. 

1091 A.D. On iho 2iHt of Soptouibor, tho Sun was darkened for three 
hours, and when the obscuration had ceased, the Sun's disk still re 
taiued a peculiar color. ** Fuit ecUpsis Solis, 1 1 Kal. Octob. fere tres 
horas : Sol circa meridiem dire nigrescebat." — Martin Orusius, Ati' 
tta/ea Suevid, Francof., 1595, torn, i., p. 279 ; Schnurrer, th. i., p. 219. 

1096 A.D. Sun-spots were seen by the naked eye on the 3d of March. 
" Signum in Sole apparuit V., None Marcii feria secunda incipientis 
quudrugesimse. Jon. Staindelii, Presbyteri Pataviensis, Chronieon 
Oenerale, in Oefdii Rerum Boicarum Scriptorei, tom. i., 1763, p. 485. 

1206 A.D. Ou the last day of February there was, according to Joa- 
quin de Villalba (Epidemiolopa EspaHola, Madr., 1803, tom. i., p. 
30), completo darkness fur six hours, turning the day into night. 
This pbetunnenou was succeeded by long-continued and abundant 
rains. " El dia ultimo del mes de Febrero hubo un eclipse de Sul 
que dar6 sets horas con tanto obscuridad como si fuera media noche. 
Sigui^ron 6. este feuomeno abundantes y continuas lluvias." A very 
similar phenomenon is recorded for June, 1191, by Schuurrer, th. i., 
p. 258, 265. 

1241 A.D. Five months after the Mongolian battle at Liegnitz, the 
Sun was darkened (in some places?), and such darkness caused that 
thu stars could bo soon in the huuvoiis at tliruo o'clock on Michiiul- 
mas day. *'Obscuratus est Sul (in quibusdam lucisT), et fuciu) sunt 
tenobrw, ita nt stulliu viderontur in ca>lo, circa fcstum S. Michinlis 
hura wnm,**'^Chronieon Clauitro-Neoburgeme (of the Monastery of 
Neubei'g, at Vienna : this chronicle comprises the annuls of the |)e- 
riod fn)ni the year 218 A.D. to 1348) ; Pez, Scriptores Rerum Aus- 
triacarum, Lips., 1721, tom. i., p. 458. 

1547 A.D. The 23d, 24ih, and 25th of April, consequently the days 
preceding and immediately succeeding the battle of MOhlbach, in 
which the Elector John Frederick was taken prisoner. Kepler says 
in Paralipom. ad Vitdlium, quibus AMlronomia part Optica tradiiur, 
1604, p. 259, " The elder and younger Gemma record that in the year 
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As, according to Du S6jour*8 calculation, the longest possi- 
ble duration of a total eclipse of the Sun can not be more than 
7m. 588. at the equator, nor more than 6m. lOs. for the lati- 
tude of Paris, the decrease of daylight which is recorded by 
the annalists may, on account of its duration for many hours, 
possibly be referred to one or other of the three following and 
vory didbront causes : 1. A disturbance in the process of the 
evolution of light, as it were a diminution of intensity in the 
photosphere ; 2. Obstructions (such as a greater and denser 
formation of clouds) in the outermost opaque vaporous en- 
velope investing the photosphere, by which the radiation of 
solar light and heat is impeded ; 3. The impure condition of 
our atmosphere, arising, for instance, from the obscuring ^most- 
ly organic) meteoric dust, rain, or sand-rain, such as is de- 
scribed by Macgowan to have continued for several days to- 
gether in China. The second and third of these causes do 
not require the occurrence of a diminution of the electro-mag- 
netic light process, perhaps (of the perpetual polar light*), in 
the solar atmosphere, but the last-named cause excludes the 
visibility of stars at noon, of which such frequent mention is 
made in these mysterious and vaguely-described obscurations. 

Arago's discovery of chromatic polarization has not only 
confirmed the existence of the third and outermost envelope 

1547, boforo the bnttlo botweoii Chnrlos V. nnil tbe Diiko of Bnxony, 
the Sun appeared for three days as if it were sulVused hy bliMNl, while 
at the same time mauy stars were visible at noon." " llcfert Gonnna, 

Eator et filiiis, anno- 1547, ante conflictiim Ciinili V. cum Suxonim 
tuce, Solcm nor tros dies cen snugnino porfusiim companiisso, nt 
etiam stellie pfereque in mcridio conspicerentur.*' Kepler (in Stella 
Nova in SerpetUariOf p. 113) furllier expresses his nncertainty as to 
the cause of the phenomenon ; ho asks wlictiier tlie fliminiitiou of tiio 
Son's light be owing to some celestial causes: **Solis hinipu ob can- 

sas quasdam sublimes hobetari " whether it be owin^ to the 

wide diffusion of some cometary substance, ** materia cometicu latins 
sparsa,** for the cause can not have originated in our atmosphere, 
since the stars were visible at noon. Schnnrrer (Chronik tier Seu- 
ehent th. ii., p. 03) thinks, notwithntanding the visibility of the stiirs, 
that the phenomenon must have been tne wime as the siMsalled 
" HOhenrauch,'* fur Charles V. complained before the battle *' that 
the Sun was always obscured when ne was about to engage with the 
enemy." "Semper se nebulae densitate infestari, quoties sibi cum 
hoste pugnandnm sit." (Lambert, Hortent, de betlo Oerman., lib. 
vi., p. 182.) 

* Horrebow (Basis Astrotwmia, 1735, $ 220) makes use of the same 
expression. Solar light, according to him, is "a perpetual Northern 
light within the Sun^s atmosphere, prodticed by the agency of powerful 
magnetic forces.** (See Hanow, in Juh. Dan. Titius*8 OemoinnHtzige 
Ahkandlungen nber natlirliche Dinge, 1768, p. 102.) 
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of the Sun, but haa likowiso added considorablo weight to the 
conjectures advanced in refuronce to the whole physical con- 
stitution of the central body of our planetary system. *' A 
ray of light which reaches our eyes, after traversing many 
millions of miles, from the remotest regions of heaven, an- 
nounces, as it were of itself, in the polariscope, whether it is 
reflected or refracted, whether it emanates from a solid, or 
fluid, or gaseous body, it announces even the degree of its in- 
tensity. {CosmoSt vol. i., p. 62, and vol. ii., p. 332.) It is 
essential to distinguish between natural light, as it emanates 
directly fi-om the Sun, the fixed stars, or flames of gas, and is 
polarized by reflection from a glass plate at an angle of 35^ 
25\ and that polarized light which is radiated as such from 
certain substances (as ignited bodies, whether of a solid or 
liquid nature); The polarized light which emanates from 
the above-named class of bodies very probably proceeds from 
their interior. As the light thus emanates from a denser body 
into the surrounding attenuated atmospheric strata, it is re- 
frooted on the surface, nud in tliis process a part of the re- 
fracted ray is reflected back to the interior, and is converted 
by reflection mto polarized light, while the other portion ex- 
hibits the properties of light polarized by refraction. The 
chromatic polariscope distinguishes the two by the opi^osite 
position of the colored complementary images. Arago has 
shown, by careful experiments extending beyond the year 
1820, that an ignited solid body (for instance, a red-hot iron 
ball), or a luminous, fused metal, yield only ordinary light, in 
rays issuing in a perpendicular direction, while the rays which 
reach our eyes from the margins, under very small angles, are 
polarized. When this optical instrument, by which the two 
kinds of light could be distinguished, was applied to gas flames, 
there was no indication of polarization, however small were 
the angles at which the rays emanated. If even the light be 
generated in the interior of gaseous bodies, the length of way 
does not appear to lessen the number and intensity of the very 
oblique rays in their passage through the rare media of the 
gas, nor does their emergence at the surface and their transi- 
tion into a diilerent medium cause polarization by refraction. 
Now, since the Sun does not either exhibit any trace of polar- 
ization when the light is suffered to reach the polariscope in 
a very oblique direction, and at small angles from the margin, 
it follows from this important comparison that the light shin- 
ing in the Sun can not emanate from the solid solar body, nor 
from any liquid substance, but must be derived from a gase^ 
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tms, lolf-luminous envelope. We thus possesB a material phyi* 
ical analysis of the photosphere. • 

The same instrument has, however, also led to the conclu- 
sion that the intensity of the light of the Sun is not greater 
in the center of the disk than at its margins. When the 
two complementary colored images of the Sun — the red and 
blue — are so arranged that the margin of the one image falls 
on the center of the other, perfect white will be produced. 
If the intensity of the light were not the same in the different 
parts of the Sun*s disk — if, for example, the center were more 
luminous than the margin, then the partial covering of the 
images in the common segments of the blue and red disk 
would not exhibit a pure white, but a pale red, because the 
blue rays would only be able to neutralize a portion of the 
more numerous red rays. If, moreover, we remember that 
in the gaseous photosphere of the Sun, in opposition to that 
which occurs in solid or liquid bodies, the smallness of the 
angle at which the rays of hght emanate does not cause their 
number to diminish at the margins, and as the same angle 
of vision embraces a larger number of luminous points at the 
margins than in the center of the disk, we could not here 
reckon upon that compensation which, were the Sun a lu- 
minous iron globe, and consequently a solid body, would take 
place between the opposite olibcUi of the Binaliuoss of the an- 
gle of radiation and the comprehension of a larger number 
of luminous points at the same visual angle. The self-lumin- 
ous gaseous envelope, i, e., the solar disk visible to us, must 
therefore (in opposition to the indications of the polariscope, 
which shows the margin and the center to be of equal intens- 
ity) appear more luminous in the center than at the margin. 
The cause of this discrepancy has been ascribed to the outer- 
most and less transparent vaporous envelope surrounding the 
photosphere, which diminishes the light from the center less 
than that of the marginal rays on its long passage through 
the vaporous envelope.* Bouguer, Laplace, Airy, and Sir 

* Arago, in the Mimoiret des Seieneei Math4m, et Phy*. de I Inttitui 
de France, ann^e 1811, partie i., p. 118; Matthieu, in Delambre, //m<. 
de l*A»tr. au dia>huilieme sideU, p. 351, 652 ; Fourrier, Eloge de William 
Hersehel, in the Mim. de Vlnttitut, torn, vi., ann6e 1823 (Par., 1827), 
n. Ixxii. It 18 alike rcninrkat)le and corroborativo of the groat uniform- 
ity of character in tlie light of the Sun, >vliethor emanating from ita cen- 
ter or its margins, that, according to an ingouious experiment mode by 
Forbes, during a solar eclipse in 1836, a spectrum formed from the cir^ 
cumferential rays alone was identical botli in reference to the number 
and position of the dark lines or stripes intersecting it, with the spec- 
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John Horschel, arc all opposed to these views of my friend, 
and consider the iiiteuHity of the light weaker at the margin 



tram arising from the entire solar light. When, therefore, rays of cer 
tain rofraugibility are wanting in solar light, they have probably not 
passed into tho onn's ntniosphero, as Sir David Drewstor conjoctnres, 
since tho circumfurentiul rays pniduco llio same dark lines when ihey 
shine through a nnich thicker inodium. — Forbes, in iho Comptes Rendu*, 
torn, ii., 1830, p. 570. I will append to this note all the facts that I col 
lected in tho year 1847, from Arago*s MSS. : 

" Des phcnomoues de la polarisation color^e donncnt la certitude qae 
le borcl da Soleil a la mdme intensity de lamiere que le centre; car en 
pla^ant dans la polarisco|ie un segment du bord sur un segment du ceu 
tre, j*obtions (comme efiet comnl6mentaire du rouse et du bleu) un 
blanc pur. Dans un corps solide ^daus une boule ae fer chaufiee ao 
rouge) le mdme angle de vision embrasse une plus sraudo ^tendue an 
bord qu*au centre, selon la proportion du cosinus de r angle : mais dans 
la m6me proportion aussi, le plus grand nombre de points mut6riels 
^mettent une lumiore plus faibie, en raison de leur obliquUi. Le rap- 
port de Tangle est naturellement le mduie pour une sph6re gazeusc, 
mais I'obliquit^ ne produisant pas dans les gazes le mdme efiet de dimi^ 
imtion quo dans les cor|^ solidos, lo bord do la sphdro gazcuse scrait 
plus Inniinoux quo le cunlre. Ou quo nous api>olons le disqne lunii- 
uuux du Soleil, est la phut(»sphdre gazuuse, coniuie je Pai prouv6 par le 
manque absolu de traces de polarisation sur le bord du disque. Pour 
expliquer done VigcUiti dHntemiU du bord et du centre indiqu^e par 
le polariscope, il faut admettre une enveloppe ext^rieure, qui diminue 
(6teiut) moms la luni'Ore qui vient du centre que les myous qui vien- 
nent sur le long tnijot du bord k I'coil. Cette envcluppe extdrieure 
(brtne le couronne blunchfttre dans los 6clipses totalcs du Soleil. La 
lamiere qui 6mane des corns soliilus et liquidos incaudescens, est par- 
tiellement polaris^e quand les rayons observ6s forinent, avec la surface 
de sortie, un angle d'un petit nombre de degr6s ; mais il n'y a aucune 
trace sensible de polarisation lors(]a'on regarde de la m6me manidre 
dans le iiolariscope dos gazes oullammds. Cette experience d6montre 

aue la lumiore solairo ne sort |Mis d'une masso solide ou liquide iucau- 
escente. La lumiere ne s'engendre pas uniquement k. la surface des 
corps; une portion nalt dans leur substance meme, cette substance ffit- 
elle du platme. Ce n*est done pas la decomposition de Poxygene am- 
biant qui donne la lumiere. L*6mi88ion de lumiere polarisee par le fer 
liquide est un efiet de refraction an passage vers un moyen d'une moindre 
deusite. Partout oi^ il y a r6fraclion, il y a production d'un pen de lu- 
midre polarisde. Les ^azes n'en donnent pas, parccque leurs couches 
n'ont pas assez do densite. La Lune, suivio pendant le cours d'une lu- 
Daison entiere, uifre dos elFuts de iKilarisation, except6 k l'6noque de la 
pleine Lune et des jours qui en approcbent beaucoup. La lumiere soU 
aire trouve, surtout dans les premiers et deniiers quartiers, k la sur&ce, 
in^gale (montagneuae) de notre satellite, des inclinaisons, de plans con* 
Tenables pour produire la polarisation par reflexion." 

*' The nnenomena of chromatic polarization afibrd evidence that tho 
margin ot the Sun has tho sumo intensity of light as the center; for by 
placniff in the polariscopo a segment of the margin u])on a central seg- 
ment, 1 obtain a pure white as the complementary efiect of red and 
blue. In a solid body (as in an iron ball heated red-hot), tho same 
visual angle ombruccs a larger extent of tho margin than ot tho center 
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than in the center. The last named of these distinguithed 
physicists and astronomers expresses himself as follows, in 
reference to this question.* " Now, granting the existence 
of such an atmosphere, its form, in obedience to the laws of 
equilibrium, must be that of an oblate spheroid, the elliptic- 
ities of whose strata difier from each other and from that of 
the nucleus. Consequently, the equatorial portions of this 

according to the ratio of the cosine of the angle ; but in the same ratio, 
the greater number of the materia] points emit a feebler light, in eoih 
seqvence of their chliqvity. The ratio of the angles is naturally the same 
fur a gaseous sphere ; but since the ohliquity dues not produce the sume 
amount of dimmntion in gases as in solid bodies, the margin of the gas- 
eous sphere would be more luminous than its center. That which we 
term tne luminous disk of the Sun is the gaseous photosphere, as I have 
proved by the entire absence of every trace of polarization on the mar- 
gin of the disk. To explain the equality of intensity indicated by the 
polariscope for the margin and the center, we must admit the existence 
of an outer envelope, which diminishes (extinguishes) less of the light 
which comes from the center than from the marginal rays having a 
longer way to traverse before they^ reach the eye. This outer envel- 
ope forms the whitish corona of light observed' in total eclipses of the 
Sun. The light which emaniitcs from solid and liquid incandescent 
bodies is partially polarized when the rays observed form an angle of 
a few degrees Willi the surface from whence they emerge ; but there 
is no sensible evidence of polarization when incandescent gases are 
seen in the polariscope. Tliis oxperimoiit proves, therefore, that solar 
li^lit does not oinannio from n solid moss or nn incniidesoont liquid. 
Lij^ht is not oiigendored solely on the surface of bodios} but n iKirtion 
originates within the substance itself, even when the experiment is 
made with platinum. Light, therefore, is not produced by the decom- 
position of the ambient oxygen. The emission of polarized light from 
liquid iron is an effect of refraction during its passage toward a medium 
of lesser density. Wherever there is refraction, a small amount of po- 
larized light must be produced : gases do not emit polarized light, be- 
cause their strata do not possess the requisite amount of density. When 
the Moon is followed through all its phases, it will be found to afford 
evidences of polarization, excepting at the full moon, and the davs im- 
mediately preceding and following it. It is more especially durinff 
the first and last quarters that the unequal (mountainous) surface of 
our satellite presents suitable inclinations for the polarization of solar 
light by rellection." 

* Sir John Horschol, Astron. Observ. made at the Cape ofOoodHope, 
$ 425, p. 434; Outlinet of Aifr., $ 395, p. *i34. Compare Fizeau and 
Foucault, in the Comptet Rendu* de VAead. det SeieneeSt t. xviii., 1844, 
p. 860. It is remarkable enough that Giordano Druno, who was burned 
eight years before the invention of the telescope, and eleven years be- 
fore the discovery of the spots of the Sun, should have believed in the 
rotation of the Sun uptm its axis, lie considered, on the other hand, 
that the center of the Sun was less luminous than the edges. Owiiiff 
to an optical deception, he believed that he saw the disk turn ronno, 
and the whirling edges expand and contract. (Jordano DruoO| par 
Obristian Dartholmess, torn, ii., 1847, p. 367.) 

D2 
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envelope must be of a thickness different from that of the 
polar, density for density, so that a different obstacle must 
be thereby opposed to the escape of heat from the equatorial 
and the polar rc3gions of the Sun/' Arago is engaged at the 
present moment in a series of experiments, by which he pur- 
poses to test not only his own views, but also to reduce the 
results of observation to accurate numerical relations. 

A comparison between solar light and the two most intense 
kinds of artificial light which man has hitherto been able to 
produce, yields, according to the present imperfect condition 
of photometry, the following numerical results : Fizeau and 
Foucault found, by their ingenious experiments, that Drum- 
mond's light (produced by the ffame of the oxyhydrogen lamp 
directed against a surface of chalk) was to the light of the 
Sun*s disk as 1 to 146. The luminous current, which in Da- 
vy's experiment was generated between two charcoal points 
by means of a Dunson's battery, having forty-six small plates, 
was to the light of tlio Sun as 1 to 4*2 ; but wlicn very largo 
plates were used, the ratio was as 1 to 25, and tiiis light was, 
therefore, not quite three times less intense than solar light.^ 
When we consider the surprise still experienced at the cir- 
cumstance of Drummond's dazzling light forming a black spot 
when projected on the Sun*s disk, we are doubly struck by the 
felicity with which Galileo, by a series of conclusions as early 
as 1612,t on the smallness of the distance from the Sun at 
which the disk of Venus was no longer visible to the naked 
eye, arrived at the result that the blackest nucleus of the 
Sun's spots was more luminous than the brightest portions 
of the full Moon. 

William Herschel, assuming the intensity of the whole 
light of the Sun at 1000, estimated the average light of the 
penumbraB at 469, and the black nuclei at 7. According to 
this estimate, which is certainly very conjectural, a black nu- 
cleus would yet possess 2000 times more light than the full 

* Fizean and Foucault, Recherches sur VIniensUi de la LumUre imise 
par It Charhon dans I* Experience de Davy, iii the Comptes Rendug^ torn, 
xviii., 1844, p. 753. "The most intensely ignited solid (ignited ouick- 
lime in Lieutenant Drummond's oxyhydrosen lamp) appear only at 
black spots on the disk of the Sun when held between it and the eye." 
— OtUlines, p. 36 {Cosmos, vol. ii., p. 325-326). 

t Compare Anigo's commentary on Galileo's letter to Marcus Welser. 
as well as his optiud expbinution of the influence of ihu diiFuse reflected 
solar light of the ntmospliuric strata which covers the object seen in the 
sky upou the field of a telescope, as it were, with a luminous «at7,iu th« 
Annuair^ du Bureau des Long, for 1842, p. 482-487. 
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Moon, sinco tho latter, according to Bougnor, is 300,000 lest 
bright than the Sun. The degree of illumination of tho nu- 
clei visible to us, t. e., of the dark body of the Sun illumined 
by reflection from the walls of the opened photosphere, the 
interior atmosphere from which the penumbr® are generated, 
and by the light of the strata of our terrestrial atmosphere 
through which we see it, has boon strikingly manifested on 
tho occasion of several transits of Mercury. When compared 
with the planet, whose dark side was turned toward us, tho 
near and darkest nuclei presented a light brownish-gray ap- 
pearance.* The admirable observer. Counselor Schwabe, of 
Dessau, was particularly struck by this difference of blackness 
between the planet and the nuclei, in the transit of Mercury 
on the 5th of May, 1832. On the occasion of my observing 
the transit of this planet in Peru, on the 9th of November, 
1802, in consequence of being engaged in measuring the dis- 
tances from the threads, I was unfortunately unable to make 
any comparison between the different intensities of the light, 
although Mercury's disk almost touched the nearest dark 
spot. Professor Henry, of Princeton, North America, had al- 
ready shown, by his experiments in 1815, that the Sun's spots 
radiate a perceptibly less heat than those portions on which 
there were no spots. The images of the Sun and of a large 
spot wore projected on a screen, and tho difforoncos of heat 
measured by means of a thermo-olectrical apparatus. t 

Whether rays of heat differ from rays of light by a differ- 
once in the lengths of the transversal vibrations of ether, or 
whether they are identical with rays of light, but that a cer- 
tain velocity in the vibrations which generates very high tem- 
peratures is requisite to excite the impression of light in our 
organs, the Sun, as the main source of light and heat, must 
nevertheless be able to call forth and animate magnetic forces 
on our planet, and more especially in the gaseous strata of 
our' atmosphere. Tho early knowledge of thormo-electrical 
phenomena in crystallized bodies (such as tourmaline, bora- 
cite, and topaz), and Oersted's great discovery (1820) that 
every conducting body charged with electricity exerts a defin- 
ite action on the magnetic needle during the continuation of 
the electrical current, afibrded practical evidence of the cor- 
relation of heat, electricity, and magnetism. Basing his de- 
ductions on tho idea of such an afHnity, Ampdro, who ascribed 

* M&dler, Aslr,, p. 81. 

t Philoi, Mag.f Ber. iii., vol. zxviii., p. 230; and Foggend., Anmalen* 
bd. Ixviii., p. 101. 
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all magnetism to electrioal currents whi^li lie in a plane at 
right angles to the axes of the magnet, advanced the in- 
genious hypothesis that terrestrial magnetism fthe magnetic 
charge of the Earth) was generated hy electrical currents, 
circulating round the planet from east to west ; and that the 
horary variations of the magnetic declination are on this ac- 
count consequences of the fluctuations of heat, varying with 
the position of the Sun, hy whose action these currents are 
excited. Those views of Ampere have been confirmed by 
Secbeck's thermo-magnetic experiments, in which differences 
of temperature of the points of contact of a circle composed 
of bismuth and copper, or other heterogeneous metals, afiect 
the magnetic needle. 

Another recent and brilliant discovery of Faraday's, the 
notice of which has been of almost simultaneous occurrence 
witli the printing of those pages, tlirows an unexpected light 
on the same inq)ortaut subject. Wliilo the earlier resoarohcs 
of this great physioist showed that all gases are diamagiietic, 
t. e*, assume a direction from east to west, as bismutli and 
phosphorus, but that this property is most feebly exhibited in 
oxygen, it has been shown by his latest researches, which 
were begun in 1847, that oxygen alone, of all gases, like iron, 
assumes a position from north to south-, and that oxygen gas 
loses a portion of its paramagnetic force by expansion and by 
elevation of the temperature. Since the diamagnetic activity 
of the other constituents of the atmosphere, such as the nitro- 
gen and carbonic acid, are not modified by expansion or by 
an elevation of temperature, it only remains for us to consid- 
er the oxygen, « which surrounds the whole Earth, as it were, 
like a large sphere of sheet tin, and receives magnetism from 
it." The half of this sphere which is turned toward the Sun 
is less paramagnetic than the opposite half ; and as the bound- 
aries of these halves are constantly altered by their rotation 
and revolution round the Sun, Faraday is inclined to refer a 
portion of the variations of terrestrial magnetism on the 
Earth's surface to these thermic relations. The assimilation 
thus shown by experiment to exist between a single gas (oxy- 
gen) and iron, is an important discovery of our own age,* 
which derives additional value from the fact that oxygen 
probably constitutes the half of all the ponderable matters 

* Faraduy upon atmospheric magnetism, in the Exper. Reiearehe$ 
on Electricity, series xxv. and xxvi. ^Philog. Tran§act. for 1^51, part i.)^ 
$ 2774, 2780, 2881, 2892, 2968, and for the history of the investigation, 
i 2847. 
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that occur in accessible portions of our Earth. Without as- 
suming magnetic poles in the Sun's body, or any special mag- 
netic forces in the solar rays, the central body may, as a pow- 
erful source of heat, excite magnetic activity on our planet. 

The attempts that have been made to prove, by means of 
meteorological observations prosecuted for many years at in- 
dividtuU spots, that one side of the Sun (for instance, the side 
"which was turned toward the Earth on the 1st of January, 
1846) possesses a more int3nso heating power than the oppo- 
site one,* have not led to more reliable results than the older 
Greenwich observations of Maskeleyne, which were supposed 
to prove that the Sun had decreased in diameter. 

The observations made by Counselor Schwabe, of Dessau, 
for reducing the periodicity of the Sun's spots to definite nu- 
merical relations, appear to have a surer foundation. No as- 
tronomer of the present day, however admirable may have 
been his instruments, could have devoted his attention 'more 
continuously to this subject than Schwabe, who, during the 
long period of twenty-four years, frequently examined the 
Sun*8 disk upward of 300 days in the year. As his observa- 
tions of the Sun*s spots from 1844 to 1850 have not yet been 
published, I have presumed so far on our friendship as to re- 
quest that he would communicate them to me, and at the 
same time answer a number of questions which I proposed 
to him. I will close this section of the Physical Constitu- 
Hon of our Central Body with the observations with which 
this observer has allowed me to enrich the astronomical por- 
tion of my work. 

" The numbers contained in the following table leave no 
doubt that, at least from the year ^826 to 1850, the occur- 
rence of spots has been so far characterized by periods of ten 
years, that its maxima have fallen in the years 1828, 1837, 
and 1848, and its minima in the years 1833 and 1843. I 
have had no opportunity," says Schwabe, " of acquainting 
myself with the older observations in a continued series, but 
I willingly concur in the opinion that this period may itself 
be further characterized by variability."t 

* Compare Nervander of Helsingfore, in the Bulletin de la Clasie 
PUvneo-Mathim. de VAcad. de St. Pitertbourgf torn, iii., 1845, p. 3(1-32: 
and Buys-Ballot, of Utrecht, in Foggend., Antuden der Phyiik, vol 
Uviii., 1846, p. 205-213. 

t I have aifltingiiished by inverted commas the quotations from 
Schwabe's manuscript communications from p. 85-87. Only the ob 
tervations of the years 1826 to 1843 have already been published in 
8cbumaehor*s Aslron. Naekr.f No. 495 (bd. xxi., 1844), p. 235. 
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Year. 


Oroupt. 


Days ihowlog 
no Spota. 


DajaofOb- 
aenratioB. 


1826 


118 


22 


277 


1827 


161 


2 


273 


1828 


225 





282 


1829 


199 





244 


1830 


190 


1 


217 


1831 


149 


3 


239 


1832 


84 


49 


270 


1833 


33 


139 


267 


1834 


51 


120 


273 


1835 


173 


18 


244 


183G 


272 





200 


1837 


333 





168 


1838 


282 





202 


1839 


162 





205 


1840 


152 


3 


263 


1841 


102 


15 


283 


1842 


G8 


64 


307 


1843 


34 


149 


312 


1844 


52 


111 


321 


1845 


114 


29 


332 


184G 


157 


1 


314 


1847 


257 





276 


1848 


330 





278 


1849 


238 





285 


1850 


186 


2 


308 



** I observed large spots visible to the naked eye in almost 
all the years not characterized by the minimum ; the largest 
appeared in 1828, 1829, 1831, 1836, 1837, 1838, 1839, 1847, 
1848. I regard all spots whose diameter exceeds 50" as 
large, and it is only when of such a size that they begin to 
be visible to even the keenest unaided sight. 

"The spots are undoubtedly closely connected with the 
.formation of faculsB, for I have often observed faculsB or shal- 
lows formed at the same points from whence the spots had 
disappeared, while new solar spots were also developed with- 
in the faculsB. Every spot is surrounded with a more or less 
bright luminous cloud. I do not tliink that the spots exert 
any influence on the annual temperature. I register the 
height of the barometer and thermometer three times in the 
course of each day, but the annual mean numbers deduced 
from these observations have not hitherto indicated any ap- 
preciable connection between the temperature a^d the num- 
ber of the spots. Nor, indeed, would any importance be due 
to the apparent indication of such a connection in individual 
cases, unless the results were found to correspond with others 
derived from many difierent parts of the Earth. If the solar 
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■pots exert any slight iniluence on our atmosphere, my tables 
would, perhaps, rathei tend to show that tno years whieh 
exhibit a larger number of spots had a smaller number of 
fine days than those exhibiting few spots." (Schum., Astron, 
iVac/ir., No. 638, i 221.) 

" William Herschel named the brighter streaks of light 
which are seen only toward the Sun's circumference, yocu^, 
and the vein-like streaks visible only toward the center of the 
Sun's disk, shallows (Astr. Nachr., No. 350, p. 243). I am 
of opinion that the f acuta and slwXlows are both derived 
from the same conglobate luminous clouds, which appear 
more intensely bright at the circumference, but, being less 
luminous in the center of the Sun's disk than the surface, 
exhibit the appearance of shallows. I think it preferable to 
designate all the brighter portions of the Sun as luminous 
clouds, dividing them, according to their form, into globate 
and vein-like. These luminous clouds are irregularly dis- 
tributed over the Sun, and when more strongly manifested 
occasionally impart a mottled or marbled appearance to the 
disk. This is often distinctly visible over the entire circum- 
ference of the Sun, and sometimes even to its poles, but yet 
always most decidedly manifested in the two proper zones 
of the spots, even when no spots are visible in those regions. 
At such times those bright zones of Sun-spots vividly remind 
one of Jupiter's bolts. 

" The fainter portions l/ing between the vein-like lumin- 
ous clouds on tho general surface of tho Sun are deeper in- 
dentations, and always present a shagreen-like gray, sand- 
like appearance, remindmg the observer of a mass of uni- 
formly-sized grains of sand. On this shagreen-like surface 
we may occasionally notice exceedingly small faint gray (not 
black) pores, which are further intersected by very delicate 
dark veins. {Astr, Nachr,, No. 473, p. 286.) These j>oreSt 
when present in large masses, form gray nebulous groups, 
constituting tho penumbra) of the Sun-spots. Here the pores 
and black points may be seen spreading from tho nucleus to the 
circumference of the penumbra, generally in a radiating form, 
which occasions the identity of configuration so frequently ob- 
served to exist between the penumbra and the nucleus." 

The signi6cation and connection of these varying phenom- 
ena can never be manifested in their entire imiiortauce to 
the inquiring physicist until an uninterrupted series of repre- 
lentatious of the Sun's spots*' can be obtained by the aid of 
* Sir John Herschel, Obtervaiiont at the Cape, p. 434. 



88 COSMOS. 

meohanioal clook-work and pbotographio apparatus, as the 
result of prolonged observations during tlio many months of 
serone weather enjoyed in a trapical climato. The meteor- 
ological processes at work in the gaseous envelopes of the 
dark body of the Sun are the causes which produce the phe- 
nomena termed Sun-spots and conglobate luminous clouds. 
It is probable that there, as in the meteorology of our own 
planet, the disturbances of very multifarious and complicated 
character depend upon such general and local causes, that it 
can only be by means of prolonged observations, character- 
ized by completeness, that we can hope to solve even a por- 
tion of this still obscure problem. 



11. 

THE PLANETS. 

General comparative considerations of a whole class of 
cosmical bodies must here precede their individual descrip- 
tion. These considerations refer to the 22 principal planets 
and 21 moons [satellites^ or secondary planets] which have 
been discovered up to the present time, not to the planetary 
bodies in general, among which the comets whose orbits have 
been calculated are alone ten-fold more numerous. The 
planets possess, upon the whole, a feeble scintillation, inas- 
much as they shine by the reflected light of the Sun, and 
their planetary light emanates from disks. {Cosmos, vol. iii., 
p. 76.) In the ash-colored light of the Moon, as well as in 
the red light of its obscured disk, which is seen with great in- 
tensity between the tropics, the Sun's light undergoes, in 
reference to the observer upon the Earth, a twice repeated 
change in its direction. Attention has been already directed 
elsewhere^ to the fact that the Earth and other planets pos- 
sess in themselves a feeble power of emitting light, as is 
specially proved by some remarkable phenomena upon that 
portion of Venus which is turned away from the Sun. 

We shall consider the planets according to their number, 
the sequence of their discovery, their volumes compared either 
with each other or with their distances from the sun ; ac- 
cording to their relative densities, masses, periods of rotation, 
degrees of eccentricity, the inclinations of tfieir axes, and 
characteristic diflbrences tvithin and beyond the zone of the 

* Cotmoi, vol. i., p. 201, and note p. 202. 
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small planets. In the comparative contemplation of those 
subjects, it is consistent with the nature of this work to be- 
stow especial attention upon the selection of the numerical 
relations, which, at the period in which these pages appear, 
are considered to be the most accurate, f. e., the results of 
the most recent and reliable investigations. 

a. miNCIPAL PLANETS. 

1 . Number and Epoch of Discovery. — ^Of the seven cos* 
mical bodies which, irom the most remote antiquity, have 
been distinguished by their constantly varying relative po- 
sition toward each other from those which apparently main- 
tain the same positions and distances — the scintillating stars 
of the region of fixed stars [orbis inerrans] — there are only five 
which appear star-liket " quinque Stella errantes ;" they are 
Mercury, Venus, Mars, Jupiter, and Saturn. The Bun and 
the Moon remained almost separated from the others, since 
they form largo disks, and also on account of the greater 
importance attached to them in accordance with religious 
myths.* Thus, according to Diodorus (ii., 30), the Chaldeans 
were acquainted with only five planets. Plato also says 
distinctly in the THmceuSt where he only once mentions the 
planets, "Konnd the ]i!nrth, fixed in the center of the Cosmos, 
move the Moon, tlio Hun, and Jtve other sfar$t whioli have 
received the name o£ planets; the whole, therefore, in seven 
revolutions. "t In the old Pythagorean representation of the 
celestial system, according to Philolaus, the five planets were 
mentioned in a similar manner among the ten deified bod- 
ies which revolve round the central fire (the focus of the 
imi verse, karla) " immediately beneath the region of fixed 
stars ;"} these were succeeded by the Sun, Moon, Earth, and 
the AvrixOiJv (the anti-Earth). Even Ptolemy always speaks 
of only five planets. The enumeration of the planets in sys- 
tems of seven, as JuHus Firmicus distributed them among the 
decani,^ as they are represented in the zodiacal circle of Bi- 

* GoAOiiiiiB, in tho HalliMchen Lifieratur'ZeUung, 1822, Nor. 101 and 
102 (Supploinent, p. 801-812). Among the Chaldeans, tho Sun and 
Moon were held to be the two principal deities ; the five x^lanets mere- 
ly represented genii. 

t Plato, in the Timaut, p. 38, Steph. ; Davis's translation, ed. Dohu, 
p. 342. 

\ UOckh, De Plaionieo tyttemafe CaleitUutn gldborum el tU vera in" 
dole atironotnia Philolaiea, p. xvii., and tho same in Philotaittf 1819, 
p. 99. 

$ Jul. Firmicus Matemus, A»tron.f libri viii. (ed. Fmckner, Basil 
IS.'il), lib. ii., cap. 4, of the time of Constantino the Great. 
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anchini (probably of tho third century after ChriEt), exam 
inecT by myself elsewhere,*" and as they are mot with in the 
Egyptian monuments of the time of the Csesars, does not be- 
long to the ancient astronomy, but to the subsequent epochs, 
in which astrological chimeras had become universally dif- 
fuscd.t Wo must not bo surprised that tho Moon was in- 
cluded in the series of tho seven planets, since, with the ex- 
ception of a memorable theory ol attraction put forward by 
Anaxagoras (Cosmos, vol. ii., p. 300, and note), its more 
intimato connection with the Earth was scarcely ever sus- 
pected by tho ancients. On the contrary, according to an 
opinion respecting the system of the world which Yitruviusl 
and Martianus Capella^ quote, without stating its originator, 
Mercury and Venus, which we call planets, are represented 
as satellites of the Sun, which itself revolves round the Earth. 

* Iliiinbuldt, Atonumeut det Peuplcs IiidigdticM de V Amfiique, vol. ii., 
p. 42-49. I havo ulrcudy diruclud uttentiuti in 1812 to the utiulogy bo- 
twoen llio zodiac of liiuucliiiii uml timt of Dciidom. Coinparo Lolnmiio, 
Obtervaliom Critique* tur let 2iejfr6tciUaliuna Zodiaealet, i*, U7 ; and 
Lepsiui, Chronologie der ^gypter, 1849, p. 80. 

t Letroune, Sur VOrigine du Zodiaque Orect p. 29. Lepsius, Chro 
nol. der ^gypt., p. 83. Letronne opposes the old Chaldean origin of 
the planetary week on account of the number seven. 

X Vitrnv., De Archii,, ix., 4 (ed. Rode, 1800, p. 209). Neither Vitru- 
vius nor Martianus Capella mention the Egyptians as the originators of 
a system, according to which Mercury and Venus are considered as sat- 
ellites of the planetary Sun. The former says, ** Mercurii autem et Ve- 
neris stelliD circum Soils radios, solom ipsum, uti centrum, itineribus 
coronantes, regressus retrorsum et retardationes faciunt" " But Mer- 
. cury and Venus, which encircle in their orbits the Sun itself as a center, 
retrogress and procood slowly round its ruys." 

$ Murtlunus Minous Felix uupclia, De Nupliit Philot, et Aferciirii, lib. 
viii. (ed. Grotii, 1599, p. 289) : "For though Venus and Mercury appear 
to rise and set daily, yet their orbits do not, however, go round the 
Earth, but revolve round the Sun in a wider orbit. In fact, the center 
of their orbits is in the Sun, so that they are sometimes above it . . . " 
'■* Nam Venus Mercuriusque licet ortus occasusque quotidiauos osten- 
dant, tamen eorum circuit Terras omnino uon ambiant, sed circa Solem 
laxiore ambitu circulantur. Denique circalorum suorum centrum in 

Sole constituunt, ita ut supra ipsum aliquando " As this place is 

written over, ** Quod Tellus uon sit centrum omnibus plauetis,*' ** Bo- 
cause the Earth is not the center of all the planets,*' it may certainly, as 
Gossendi asserts, have had an influence upon the first views of Coper- 
nicus, more than the passages attributed to the great geometer, Apol- 
lonius of Perga. However, Copernicus only says, ** Minime contcm- 
nendum arbitror, quod Martianus Capella scripsit, existimans quod Ve- 
nus et Mercurius circumerraut Solem in medio existentem." ** 1 by no 
means think thut we should despise what Martianus Cai>ella has writ- 
ten, who supposes that Venus and Mercury revolve round tho Sun, 
which is fixed in the ceuter " Compare Cotmotf vol. ii., p. 312, and 
note. 
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There is as little foundation for considering such a system as 
this to be Egyptian,*' as there is for confounding it with the 
Ptolemaic epicycles or the system of Tycho. 

The names by which the star-like planets of the ancients 
were represented are of two kinds : names of deities^ and 
significantly descriptive names derived from physical char- 
acters. Which part of them originally belonged to the Chal- 
deans, and which to the Egyptians, is so much the more dif- 
ficult to determine from the sources which have hitherto been 
made use of, as the Greek writers present us, not with the 
original names employed by other nations, but only transla- 
tions of these into Greek equivalents, which were more or 
less modified by the individuality of those writers' opinions. 
What knowledge the Egyptians possessed anterior to the Chal- 
deans, whether these latter are to be considered merely as gift- 
ed disciples of the former,t is a question which infringes upon 
the important but obscure problem of primitive civilization 
of the human race, and the commencement of the develop- 

* Henry Martin, in his Commentary to the Timam (Etndee tur U 
Timie de PlcUon^ tom. ii., p. 129-133), appears to me to have explain- 
•4(1 very happily the passage in Macrobius respecting the ratio Chaldao 
rum^ which lea the praiseworthy T foler into error (in WoUPs and Butt 
/nnnn's Muteum der Atterthumt' }Vi»Men»cknftt ImI. ii., s. 443, niid in his 
TreiUite upon Endoxutf p. 48). Macrobius (in Somn. 8eipioni*t lib. {,, 
cap. 19 ; lib. ii., cap. 3, cd. 1G34, p. 64 and 90) says nothing of the s^s- 
toni mentioned by Vitruvius and Miu-tianus Capelln, according to which 
Mercury and Venus are satellites of iho Sun, which, however, itself re- 
volves with the other planets round the Earth, which is fixed in the 
center. He enumerates only the differences in the succession of the 
orbits of the Sun, Venus, Mercury, and the Moon, according to the 
dews of Cicero. He says, '' Ciceroni, Archimedes et Chaldoeorum ra- 
tio cousentit ; Plato ^gyptios secutns est.'* *' Archimedes and Jthe sys- 
tem of the Chaldiuans agree ; Pinto followed that of the B^yptians." 
VVIien Cicero exclaims, in the eloquent description of the whole plan- 
otiiry system {Somn, Scip.f cup. 4, Edmond*s translation, ed. Dolin, p. 
294), " lluno (Snlcm) ut comttos coiinoiptuntur Veneris alter, nllor Mer- 
cuni curaus;" ** The motions of Venus and Morcury follow it (the Sun) 
as companions,'* ho refers (mly to the pi*oximity of the Sun's orbit anu 
those of the two inferior planets, after he haci previously enumorntod 
the three eurtvt of Saturn, Jupiter, and Mars, all revolvnig round the 
immovable Earth. The orbit of a secondary planet can not surround 
that of a principal planet, and yet Macrobius says distinctly, " Mgyp* 
tiornm ratio tidis estc circulus, per quern Sol discurrit, a Mercurii cir- 
cnlo ut inferior ainbitur, ilium quoque superior circulus Veneris inclu- 
ilit " " The following is the system of the Kgypliniis ; the circle in 
which the Sun moves is encompassed by the circle of Mercury, which 
iu'its turn is encircled by the larger one of Venus." The orbits are all 
|>ermanently parallel to each other mutually surrounding. 

^ ItopBiuBt.Chronologie der ^gypter^ th. i., p. 207. 
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ment of scieotific ideas upon the Nile or the Euphrates. The 
Egyptian names of the 3G Decans are known ; but the Egyp- 
tian names of the pknets, with the exception of one or two, 
have not been transmitted to us.* 

It is remarkable that Plato and Aristotle employed only 
the names of deities for the planets which Diodorus also 
mentions ; while at a later period, for example, in the book 
De Mundo, erroneously attributed to Aristotle, a combina- 
tion of both kinds of names arc met with, those of deities, and 
the descriptive (expressive) names : (paivuv for Saturn, crriA- 
6iM)v for Mercury, nvpoeig for Mars.f Although the name 

* The name of the planet Man, mutilated by Vettius Valens and 
Cedreuiis, roust, in all probability, corre8|)oud to tlie name Her-ioach, 
aa Seb dues to Saturn. (Lepsius, CkronoL der ^gypt., p. 90 and U3.) 

t Tlio moAt striking ditlurcnces are met with on coni|mring Aristot., 
Mdaph.t xii., cap. 8, p. 1073, ed. Dekker, with J'suudo-Arislot., DeAlnw 
do, cap. 2, p. 3U2. The planot names IMiacthon, Pymis, Uorcules, 8ti1- 
bou, and Juno, appear in the latter work, which |N)tnts to the times of 
Apiiloius and thu Antcniines, in which Chuhloan asii-ology was ulroiuly 
ditViiscd ovur tlio wholu Itoinan cnipiro, and the turuis of dilluront na- 
tions mixed with each other. (Oomimre Cosmos, vul. ii., p. 29, and 
note). Diodorus Siculus says positively that the Chaldeans hrat named 
the planets after their Babylonian deities, and that these names were 
thns transferred to the Greeks. Ideler (Eudoxus, p. 48), on the con- 
trary, ascribes these names to the Egyptians, and grounds his argument 
upon the old existence on the Nile of a seven-day planettirv week ? //oiui- 
bueh der ChronologiCf bd. i., p. 180^: an hypothesis which Lepsnis has 
completely disproved (Chronologte der jEf^., tli. i., p. 131). I will 
here collate from Eratosthenes, from the editor ofEpinomis (Philipnus 
Opuntius?), from Geminius, Pliny, Theon of Smyrna, Cleomedes, AchiU 
les Tatius, Julius Firmicus, and Siniplicius, the synonyms of the five 
oldest planets, as they have been transmitted to us chiclly through pre- 
dilection for astrology : 

Saturn : ^aivuv. Nemesis, also called a sun by five authors (Theon. 
Smyrna, p. 87 and 105, Martin) ; 

Jupiter: ^a^^cjv, Osiris; 

Mars: 7rvpde<c, Hercules ; 

Venus: icja^pof, ^cja^opoc, Lucifer ; farrfpof, Vesper ; Juno, Isis; 

Mercury : <rnA6civ, Apollo. 
Achilles Tatius (Isag. in Phaen. Araii, cap. 17) considers it strange 
** that the Egyptians, as well as the Greeks, should cull the least lumin- 
ous of the plunots the shinhig*' (perhaps only because it brought pros- 
Serity). According to Diodorus, the name refers to the opinion *' that 
aturn was that planet which principally and most clearly foretold the 
future.'' — Letronne, Sur VOrigine du Zodiaque Orec., p. 33, and in the 
Journal des Savants, 1836, p. 17. Compare also Carteron, Analyse da 
Reckerches Zodiaeales, p. 97. Names which are transmitted as eqniy. 
alunts from one peoplo to another, certainly depend in many cases, in 
addition to their origin, upon accidental circumstances, which can not 
be investigated ; however, it is necessary to remark here, that etymo- 
logically, ^veiv expresses a mere shining, a fainter evolation of light, 
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of Sua was strangely enough applied to Saturn, the outer* 
most of the then known planets, as is proved by several pas- 

which 18 continuoiM or constant in intensity, while erlXSeiv refers to an 
intermitteut scintillating light of greater brilliancy. The descriptive 
names : ^alvuv for the remote Saturn, orlXSuv for the nearer planet 
Mercury, appear the more appropriate, as I have before pointed out 
{Cotmotf vol. iii. p. 72), from the circumstance that, as seen by day 
in the great refractor of Frauonhofor, Saturn and Jupiter appear feebly 
luminous iu com|mrison with the scintillating Mercury. Thoro is, 
therefore, as Professor Franz remarks, a succession of increasing brill- 
iancy indicated from Saturn {^Ivuv) to Jupiter, from Jupiter (^aiOttv) 
to tlie colored glowing Mars {nvp6eic)$ to Venus (^oa^pot), ana to Mer- 
cury (arlXSuv), 

My acquaintance with the Indian name of Saturn {^aattmstMckara), 
the iowly wanderings induced me to ask my celebrated friend Bopp 
whether, upon the whole, a distinction between names of deities and 
descriptive names was also to be made in the Indian planetary unmes, 
as in those of the Greeks, and probably the Ohaldeans. I here insert 
the opinion, for which I am indebted to this great philologist, arrang- 
ing the planets, however, according to their actual distances from the 
Sun, as m the above table (commencing with the greatest distance), 
not as they stand in Atnarakoeeka (by Colebrooke, p. 17 and 18). Tliero 
are, in fact, among the five Sanscrit names three descriptive ones : Sat- 
urn, Mars, and Vonus. 

" Saturn : 'sanaistschara, from 'sanais, slow, and tschara, going ; also 
'sauri, a nanae of Vishnu (derived as a patronymic from 'eiira. Grand- 
father of \ii) and 'sani. The planet name 'sani-vArafor, * dies Batumi,' 
is radically related to the adverb 'sanais, slow. The names of the week- 
days derived from planets appears, however, not to have boon known 
to Amarnsinha. Tiiey are, indeed, of later introduction. 

"Jupiter : Vrihaspati ; or, according to an older Vedio mode of writ- 
ins which Lnsseh follows, Drihaspnti : the Lord of increase, a Vedio 
deity: from vrili 0>rib^, to grow, and pati, lord. 

" Mars : angnraka (from nngara, burning coal) ; also lohitAnga, the 
red body : from Idhita, red, ond anga, body. 

" Venus: a male planet, which is called sukra, t. «., the brilliant. An- 
other name of this planet is daitya-guru : Teacher, guru, the Titans, 
Daityas. 

" Mercury : Budha not to be confounded as a planet name with 
Buddha, the founder of the religious sect; also Ranhindya, the son of 
the nymph Rohinl, wife of the Moon (soma), on which account the plan- 
et is sometimes called saumyn, a patronymic of the Sanscrit word mond. 
The etymological root of budha, the planet name, and bnddha, the name 
of the saint, is budh, to know. It seems to me improbable that Wuotan 
(Wotan.Odin) are connected with Budha. This conjecture is found- 
ed, indeed, principally upon the external similarity of form, and upon 
the corre0i)oodence of the name of the day of the week, ' dies Mercu- 
rii,* with the old Saxon Wddanes-dag, and the Indian Budha-vAra, t. e., 
Budha*8 day. The primitive significatio^of vAra is repetition, for ex- 
ample, in bahuvArdn, many times, often ; it subsequently occurs at the 
end of a compound word with the signification day. Jacob Grimm 
derives the German Wuotan from the verb wutan, vuot (the German 
waton), which signifies meare, transmeare, cum impetu ferri, and ortho- 
graphically corres^x>nds to the Latin vadere. (Deuitche Mythologie, p. 
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sagos in the Commentary of Simplicius (p. 122), to the eighth 
hook of the De Codo of Aristotlo, in Hyginus, Diodorus, and 
Theon of Smyrna, it certainly was only its position, and the 
length of its orbit, which raised it above the other phmets. 
The descriptive names, however old and Chaldean they may 
be, were not very frequently employed by the Greek and Ro- 
man writers until the time . of the CsBsars. Their difiiision 
is connected with the influence of astrology. The planetary 
signs are, with the exception of the disk of the Sun and the 
Moon*s orescent upon Egyptian monuments, of very recent 
origin ; according to Letronne's researches,'!^' they would not 

120.) Waotan, Odinn, is, according to Jacob Grimm, the all-powerful, 
all-penetrating being : ' qui omnia permeat,' as Lucan says of Jupiter." — 
Compare, with reference to the Indian names of the days of the week 
Dudna and Duddhtt,and the week-days in general, the observations of 
my brothor, in his work Ucber die Vorbindungen xwUehen Java und In* 
dien (Kavf'i Spinichu, bd. i., p. 187-190). 

* Oomparo Lutronne, Sur VAmuUtU de JuUt CSiar et Um Signea Plat^ 
itairct, in tho Revue ArehSologique, Anu6e ///., 1810. p. 201. Huhiiasiiis 
oonsidurud tliu (tldost |iliinulHry sign for Jiipitur to bu ihu iniliid lettur 
of Zevf , tijiit of Murs a contmction of the cognoniun dovpioc. The sun- 
disk was rendered almost unrecognizable by an oblique and triangular 
bundle of rays issuing from it. As the Earth was not included among 
the planets m any of the ancient systems, except, perhaps, the Pbilo- 
Pythagorean, Letronne considers the planetary sign of the Earth " to 
have come into use after the* time of Copernicus." The remarkable 
passage in Olympiodorus, on the consecration of ihe metals to individ- 
ual planets, is taken from Proclus, and was traced by BOekh (it is in 
p. 14 of the Basil edition, and at p. 30 of Schneider's edition^. — Com 
pare, for Olympiodorus, Aristot., Meteorol.f ed. Ideler, tom. u., p. 163. 
The scholium to Pindar (/<Mm.), in which the metala are compared 
with the planets, also belongs to the new Platonic school. — Lobeck 
( Aglao[)hamus in Orph,, tom. ii., p. 936). In accordance with the same 
connection of ideas, planetary signs by-and-by became signs of the met 
als; indeed, some (as Mercurius, for quicksilver, the argentum vivum 
and kydrargyrui oi Pliny) became names of metals. In the valuable 
collection of Greek manuscripts of the Paris Library are two manu- 
scripts on the cabalistic, or so-called sacred art, of which one (No. 2250) 
mentions the metals consecrated to the planets without planetary signs; 
the other, however (No. 2329), which, according to the writing, is of 
the fifteenth century ^a kind of chemical dictionary), combines the 
. names of the metals with a small number of planetary signs. ^Httfer, 
Hietoire de la Ckimiet tom. i., p. 250.) In the Paris manuscript No. 
2250, quicksilver is attributed to Mercury,, and silver to the Moon, 
while, on the contrary, in No. 2329, quicksilver belongs to the Moon, 
and tin to Juuiter. Olympiodorus has ascribed the latter metid to Mer- 
cury. Thus indefinite were the mystic relations of the cosinical bodies 
to the metallic powers. 

This is also tho nppnipriato pluco to mention the nlanotnry hours and 
the planetary days in tho small seven-day period (llie week), concern* 
iug tlie antiquity and ditfusion of which among remote nations more 
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date further back than the tenth century. Even upon stones 
with Gnostic inscriptions they are not met ivith. Subsequent 

correct views have only recently been established. Tlie Egyptians had 
originally no short nenods of seven days, bnt periods of ten days, simi- 
lar to the week, as lias boon proved by Lcpsius {Chronologie derJEar», 
p. 132), and as is also testified by monunionts wlitch dato back to tue 
most remote times of the erection of tho larco pyramids. Three such 
decades formed one of tlio twelve months of the solar year. On read- 
ing tho passage in Dio Oassius (lib. xxxvii., cap. 18), ** That tho custom 
of naming the days after the seven planets was urst adopted by the 
Egyptians, and haid, in no very long time, been communicated by them 
to all other nations, especially the Romans, with whom it was then aU 
ready quite familiarized,'' it most not be forgotten that this writer lived 
in tho later period of Alexander Sevems, and that, since the first irrup- 
tion of the Oriental astrology under the Caesars, and in consequence of 
the early and extensive commerce of so many races of people in Alex- 
andria, it was the fashion among Western nations to call every thing 
Egyptian which appeared ancient. The seven>day week was undoubt- 
eoly the earliest and most diffused among the Semitic nations ; not only 
among the Hebrews, but even among the nomadic Arabiaus long be- 
fore the time of Mohammed. I have submitted to a learned investiga- 
tor of Semitic antiquities, the Oriental traveler Professor Tischendorf, 
at Leipsic, the question whether, besides the Sabbath, there occur in 
the Ola Testament any names for the individual days of the week (other 
than the second and the third of the tckebua) 1 Whether no plnnetaiy 
name for any one day of the seven<day period occurred any where in 




Testnmonts, but also in tho Misclina and Talmud, of any traces of 
names of week-days taken from the planets. Neither is the oxpressioti 
the second or thinl day of tho ichebua employed ; and time is sonornl- 
ly reckoned by tho days of the mouth; the uay boforo tho Babbatli is 
also called tho sixth day, without any further nflditioii. The word Sab- 
bath was also transferred to the week throughout (Idelor, Ilandbiieh 
der ChronoL, bd. i., p. 780); consequently, the first, second, and third 
day of the Sabbath stand for the days of the week in the Talmud as 
well. The word i66ofid^ for tckebua is not in the New Testament. 
The Talmud, which certainly extends from the second to the third cen- 
tury, has descriptive Hebrew names for a few planets, for the brilliant 
Venus and the red-colored Mars. Among these, the name of Sabbatai 
(literally Sabbath-star^ for Saturn is especially remarkable, as among 
the Pharisaic names ot the stars which Epiphanins enumerates, the name 
Hochab Sabbath ift employed for Saturn.*' Has not this had an influ- 
ence upon the conversion of Sabbath day into Saturn day, the " Satumi 
taera diet** of Tibullus (Eleg., i., 3, 18) 1 Another passage in Tacitus 
extends the range of these relations to Saturn as a planet and as a tra- 
ditional historical personage. (Compare also FQrst, KuHur- und LiiU' 
raturgnehiehte der Juden in Aeien, 1849, p. 40.) 

The different luminous forms of the Moon certainly attracted the ob- 
servation of hunters and herdsmen earlier than astrological phantasms. 
It may therefore be assumed, with Ideler, that the week has ori§[in- 
ated from the length of the synodic months, the fourth part of which 
imoonta, on the average, to 7} days ; that', on the contrary, references 
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transcribers have, however, added them to Gnostic and ai- 
chemistic manuscripts ; scarcely, in any case, to the oldest 

to the plailetary lerioi (the sequence of their distance* from each oth- 
er), together with the planetary hours and days, belongs to an entirely 
different period of advanced and speculative culture. 

With reference to the naming of the individual week-days after plan- 
ets, and the arrangement and succession of the planets — 

8atom, Venus, 

Jupiter, Mercury, and 

Mans, Moon, 

Suu, 
situated, according to the most ancient and widely-diffused belief (Oem- 
inus, Element. Attr,^ p. 4 ; Cicero, 8omn. Seip., cap. 4 ; Firmicus, ii., 4, 
Edmond's translation, ed. Bobn, p, 294-298), between the sphere of 
fixed stars and the immovable earth as a central body, there have been 
three views put forward : one derived from musical intervals ; another 
from the astrological names of the planetary hours ; a third fram the 
distribution of each three decans, or three planets, which are the rulers 
(domini) of these decani among the twolvo signs of the zodiac. The 
first two hypotheses are met with in the remarkable passage of Dio 
Oassios, in which ho endeavors to explain (lib. xxxvii., cap. 17) why 
the Jews, according to their laws, colubratod tbo day of Saturn (our 
Saturday). ** If," says he, ** tlio musical interval which is called 6ia 
reaadpuVf the fourth, is applied to the seven planets according to their 
times of revolution, and Saturn, the outermost of all, taken as the start- 
ing-point, the next which occurs is the fourth (the Sim), then the sev- 
enth (the Moon), and in this way the planets are encountered in the 
same oixler of succession in which their names have been applied to 
the week-days.*' A commentary upon this passage is given by Vincent, 
Sur Um Manuterilt Oreee relative a la Mueiquet 1847, p. 138. Compare 
also Lobeck, Aglnophamus, i» Orph,, p. 941-946. The second expla- 
nation of Dio Oassiiis is borrowed from the periodical series of the plan 
etary hours. ** If," be adds, "the hours of the day and the night are 
counted from the first (hour of the day), and this ascribed to Saturn, 
the following to Jupiter, the third to Mars, the fourth to the Sun, the 
fifth to Venus, the sixth to Mercury, the seventh to the Moon, always 
recommencing from the beginning, it will be found, if all the twenty- 
four hours are gone through, that the first hour of the following day 
coincides with tne Sun, the first of the third with the Moon; in short, 
the first hour of any one day coincides with the planet after which the 
day is named.*' In the same way, Paulus Aloxandrinus, an astronomic- 
al mathematician of the fourth century, calls the ruler of each week- 
day that planet whose name agrees with the first hour of the particular 

day- 

These modes of explaining the names of week-days have hitherto 
been very generally considered as the more correct ; but Letronne en- 
tertains a third explanation — the distribution of any three planets over 
a sign of the zodiac — which he considers to be the most adequate, upon 
the evidence of the long-neglected zodiacal circle of Bianchini, pre- 
served in the Louvre, to which I myself directed the attention of ar- 
cliiuologists ill 1812, on account of the remarkable coiiibiimtion of a 
Greek and Kirgisch-Turtar zodiac. (Letronne, Obterv. Crit. et Archiol. 
tur VObjet. dee ReprUenlatione Zodiacalet, 1824, p. 97-99.) This dis- 
tribution of planets among the 36 decans of the Dodecatomeria is pre 
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manuscripts of Greek astronomers ; of Ptolemy, of Theon, or 
of Cleomedes. The earliest planetary signs, some of which 

cisely that which Jul'tud Firmicus Mnternaii (ii., 4) describes as *' sis- 
norum decnni eoramque domiiii." If those planets are separated whicn 
in each of the iiisiis are the first of the three, the succession of the plan- 
etary days in the week is obtained (Virgo: Sun, Venus, Mercury; 
Libm: Moon, Saturn, Jupiter; Scorpio: Mara, Sun, Venus ; Sagittarius! 

Mercury which may liore serve as an example for the first four 

days of tlio wcok : Diet Solitf Lnna^ Marlit, AfereurH\ As, according 
to Diodorus, among tho Ciialdeans, the number of tiio planets (star- 
like) originally amounted only to five, and not seven, all the here-men- 
tioned combinations in whicn more than five planets form periodical 
series appear to be not of old Chaldean origin, but much rather to date 
from a subsequent astrological period. (Letronne, Sur VOrigine du 
Zodiaque Oree, 1840, p. 29.) 

With respect to the conconlance of the arrangement of the planets 
as days of the week with their arrangement and distribution among 
the decans in the zodiacal circle of Dianchini, a brief explanation will, 
perhnfM, be acceptable to some readers. If a letter is asHigned to each 
cosmical body in the order of succession adopted in antiquity (Saturn 
a, Jupiter 6, Mars c, Sun d, Venus e, Mercury /, Moon g), and with 
these seven members the following periodical series are formed— 

abed efg, abed.,.. 

there is obtained, 1st, by nnssins over two members of tho distribution 
among the decans, each 6t which compriiies three planets (the zodiacal 
sigu of the first one giving, in each case, its name to the week-day), the 
new periodical series 

adgefbe, adge,... 

that is, Dtet Saiumtf Solit, Lnnte^ Martitf and so on; 2dly, the nmn 
now series, 

adge*..* 

obtained by the method of Dio Cassins, according to which the sue 
cessive week-days take their names from the planet which rules the 
fimt hour of tlie day, so that alternately a member of the periodical 
seven-membered plauet-series is to be taken, and twenty-three mem- 
bers to be passed over. Now it is immaterial, iu the case of a period- 
ical series, whether it is a certain number of members which is passed 
over, or whether it is this number increased by any multiple of the 
number of members (in this case seven) of the period. By passing 
over twenty-three (^3.7 -|-2) members, according to the secona meth- 
od, that of the planeUiry hours, the same result is obtained as when the 
first method, that of the decans, is adopted, iu which only two mcinbera 
are to be passed over. 

Attention has already been directed (page 92, note t) to the romnrk- 
able resemblanco between the fourth day of tho week, diet Merewii, 
of the Indian Dudha-vAra, and the old Saxon WodAnes-dag. TJacok 
Grimm, Deutsche Mythologies 1844, bd. i., p. 841.) The identity af- 
firmed by William Jones to exist between the founder of the Buddhist 
religion and the race of Odin or Wuotan, and Wotan, famous in North- 
ern iioroic tales, as well as in the history of Northern civilization, will, 
perhaps, gain more interest when it is called to mind that the name of 
Wotan is met with in a part of the new continent as belonging to a half- 
mythical, half-historical personage concerning whom I have collected 

Vol. IV.— B 
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(Jupiter and Mars) originated, as Salmasius has shown, with 
his ordinary acuteness, from letters, and were very different 
from ours ; the present form reaches scarcely heyond the fif- 

a great number of notes in my work on the monuments and myths of 
the natives of America ( Vuet de$ CordUUret et Monumen* det Peuplet 
Indiginet de VAmSrique^ torn, i., p. 208, and 382-384 ; tom. ii., p. 356). 
Tliis Americau Wotan is, aocordiug to the traditions of the natives of 
Ohiapa aud Sooonusco, Uie gmudson of the man wlio saved his life in 
a boat during tlie proat deluge, and renewed the human race ; he com- 
nieucod the erection of largo buildings, during which timo ensued u 
confusion of languages, war, and disporaiou of races, as in the erection 
of the Mexican pyramids of Oholula. His name was also transferred 
to the calendar of the natives of Ohiapa, as was the name of Odin in 
the north of Germany. One of tlie hve-day periods — four of which 
formed the month of the people of Chiapa and the Aztecs — was named 
after him. While the names and signs of the days among the Aztecs 
were taken from animals and plants, the natives of Ohiapa (properly 
Teochiapan) assigned to the days of the month the names of tweu^f 
chieftains who, coming from the north, had led them so far southward. 
The names of the four most heroic, Wotan or Wodan, Lambat, Been, 
and Ohiuax, commenced the small periods of five^ay weeks, as did the 
symbols of the four elements among the Aztecs. Wotan and the other 
cbiollains indisputably belonged to the race of the Toltcks, who invaded 
the country in the seventh century. Ixtlilxochitl (his Ohristian name 
was Fernando de Alva), the first historian of his people (the Aztecs), 
says distinctly, in the manuscripts which he completed as early as the 
besiuniog of the sixteenth century, that the province of Teochiapan 
and the whole of Guatemala were peopled by Tolteks from one coast 
to the other ; indeed, in the beginning of the conquest of the Spaniards, 
a family was still living in the village Teopixca who boasted of beuig 
descended from Wotan. The Bishop of Chiapa, Francisco Nufiez de la 
Vega, who presided over a provincial council in Guatemala, has, in his 
Preambulo de las ContlUucionet Diocetanatt collected a great deal of 
informaliou respecting the American trudilion of Wotun. It is also still 
very undecided whotlier the tradition of the first Scandinavian Odin 
(Odlnn, Olhinus) or Wuotan, who is said to have emigrated from the 
banks of the Don, has an historical foundation. (Jacob Grimm, 
DeiUaehe Mylhohgu, bd. i., p. 120-150.) The identity of the Ameri* 
can and Scandinavian Wotim, certainly not founded on mere resem* 
blance of sound, is still ouite as doubtful as the identity of Wuotan 
YOdinn) and Buddha, or that of the names of the founder of the Bud 
ahist religion and the planet Budha. 

The assumption of the existence of a seven-day Peruvian week, which 
is so often brought forwaixl as a Semitic resemblance in the division of 
time in both continents, is founded upon a mere en*or, as has been al 
ready proved by Father Acosta (Hist. Natural y Moral de la* Indiae 
1591, lib. vi., cap. 3), who visited Peru soon after the Spanish conquest 
and the Inca, Garcilaso de la Vega, himself corrects his previous state 
ment (parte i., lib. ii., c. 35) by distinctly saying there were three fes 
tivals m each of the mouths which were recKoned after the moon, and 
that the people should work eight days and rest up^n the ninth (parts 
i., lib. vi., cap. 23). The so-culled Peruvian weeks, therefore, cou 
sisted of nine days. (See my Vuet det CordilUnt^ tom. i., p. 341-343 
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teenth century. The symbolizing habit of consecrating cer^ 
tain metals to the planets belongs, undoubtedly, to the new 
Platonic doctrines of the Alexandrian school in the fiflh cen- 
tury, as is ascertained from passages in Froclus (ad 7Hm., ed. 
Basil, p. 14), from Olympiodorus, as well as by a late scholium 
to Pindar (Isthm.t vol. ii.). (Compare Olympiod., Comment, 
in Aristot, MeteoroL, cap. 7, 3 in Ideler*s edition of the Me- 
teorol.t torn, ii., p. 163 ; also torn, i., p. 199 and 251 .) 

Although the number of the visible planets amounted, ac- 
cording to the 'earliest limitation, to five, and subsequently, 
by the addition of the large disks of the Sun and Moon, in- 
creased to seven, conjectures were prevalent, even in antiqui- 
ty, that beyond these visible planets there were yet other less 
luminous, unseen planets. This opinion is stated by Simpli- 
cius to be Aristotol^pn. '' It is probable that such dark cos- 
mical bodies which revolve round the common center some- 
times give rise to eclipses of the moon as well as the earth.*' 
Artemidorus of Ephesus, whom Strabo oflen mentions as a 
geographer, believed in the existence of an unlimited number 
of such dark, revolving cosmical bodies. The old ideal body, 
the anti-earth {dvtlx^tjv) of the Pythagoreans, does not be- 
long to this class of conjectures. The earth and the anti- 
earth have a parallel concentric motion ; and the anti-earth, 
conceived in order to avoid the assumption of the rotatory 
motion of the earth, moving in a planetary manner round 
the central fire in twenty-four hours, can Scarcely be any 
thing else than the opposite hemisphere — ^the antipodean 
portion of our planet.* 

When from the 43 principal and secondary planets now 
known (a number six times greater than that of the planet- 
ary bodies known to the ancients), the 36 objects which have 
been discovered since the invention of the telescope are chro* 
nologically separated according to the succession of their dii> 
oovery, there is obtained for the seventeenth century nine, 
for the eighteenth century also ninet and for the half of the 
nineteenth century eighteen newly-discovered planeti. 

* DOokh Utber PhihUnu, p. 102 aud 117. 
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Sequence of the Plmietary Discoveries (of principal and 
secondary planets) since the Invention of the Telescope 
in the Year 1608. 

(A.) The Seventeenth Century. 

Four satellites of Jupiter : Simon Marius, at Anshach, De- 
cember 29, 1609 ; Galileo, January 7, 1610, at Padua. 

Triple configuration of Saturn: Galileo, November, 1610 , 
Hevclius, hypothesis of two lateral bars, 1656 ; Huygons, 
final discovery of the true form of tho ring, December 7, 
1667. 

The sixth satellite of Saturn (Titan) : Huygens, March 25, 
1655. 

The eighth satellite of Saturn (the outermost, Japetus) : Do- 
min. Cassini, October, 1671. 

The fifth satellite of Saturn (Rhea) : Cassini, December 23, 
1672. 

The third and fourth satellites of Saturn (Tethys and Dione): 
Cassini, end of March, 1684. 

(B.) The Eighteenth Century. 

Uranus : William Herschel, May 13, 1781. at Bath. 

The second and fourth satellit'^s of Uranus : William Her- 
schel, January 11, 1787. 

The first satellite of Saturn (Mimas) : William Herschel, 
August 28, 1789. 

The second satellite of Saturn (Enceladus) : William Her- 
schel, September 17, 1789. 

The first satellite of Uranus : William Herschel, January 18, 
1790. 

The fifth satellite of Uranus : William Herschel, February 
9, 1790. 

The sixth satellite of Uranus : William Herschel, February 
28, 1794. 

The third satellite of Uranus : William Herschel, March 264 
1794. 

(C.) The Nineteenth Century. 

Ceres*' : Piazzi, at Palermo, January 1, 1801. 
Pallas* : Olbers, at Bremen, March 28, 1802. 
Juno* : Harding, at Lilienthal, September I, 1804. 
Vesta*: Olbers. at Bremen, March 29. 1807. 

(During 38 years no planetary discoveries were made). 
AsTREA* : Hencke, at Dresden, December 8, 1845. 
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Neptune : Galle, at Berlin, September 23, 1846. 

The first satellite of Neptune : W. Lassell, at StarHeld, near 
Liverpool, November, 1846 ; Bond, at Cambridge (U. S.). 

Hebe"^ : Hencke, at Dresden, July 1, 1847. 

Iris*': Hind, in London, August 13, 1847. 

Flora* : Hind, in London, October 18, 1847. 

Metis* : Graham, at Markree Castle, April 25, 1848. 

The seventh satellite of Saturn (Hyperion) : Bond, at Cam 
bridge (U. S.), September, 16-19 ; Lassoll, at Liverpool, 
September 19-20, 1848. 

Hyoeia* : De Gasparis, at Naples, April 12, 1849. 

Parthenope* : De Gasparis, at Naples, May 11, 1850. 

The second satellite of Neptune : Lassell, at Liverpool, Au- 
gust 14, 1850. 

Victoria* : Hind, in London, September 13, 1850. 

EoERiA* : De Gasparis, at Naples, November 2, 1860. 

Irene* : Hind, in London, May 19, 1851 ; and De Gasparis, 
at Naples, May 23, 1851. 

In this chronological summary* the principal planets are 
distinguished from the secondary planets or satellites by a dif- 
ferent type. Some bodies are included in the class of princi* 
pal planets, which form a peculiar and very extended group, 
forming, as it were, a ring of 132 millions of goographicaj 
miles, situated between Mars and Jupiter, and are generally 
called small planets, as well as telescopic planets, co-planets, 
asteroids, or planetoids. Of these, four were discovered in the 
first seven years of this century, and ten during the last six 
years ; which latter circumstance is to be attributed less to 
the perfection of the telescopes, than the industry and dex* 
terity of the investigators, and especially the improved charts 
enlarged by additions of fixed stars of the ninth and tenth 
magnitudes. It is now more easy to distinguish lH3twecn 

* Tn the history of tho discoveries, it is necessary to diHtingiiisIi ho- 
tweeii tho epoch nt which the discovery was made, and tlie time of its 
first aiiiKiiincemeiit. In conKeqneuce of a neglect of this dititinctioi), 
dissimilar and erroneous dntes liave hecn introduced into astronomical 
mnnnuls. So, for example. Hny^'ens dincovered the sixth siitellite of 
Saturn (Titoii) on Murcii 2.5. 1()55 {Hnygmii Opera pana, 1724, p. 523;, 
and did not announce it until Mnrch .5, ICtryG) Systewa Saturninnit 1659, 
p. 2). Huyj^ens, whf) devoted himself nnniterrnptedly from March, 
in.55, to the study of Saturn, Iind already ohtiiintMl the full and induhi 
tahle view of the open ring (tn Dccomher 17, 1(»57 {SynUfna Sftlnmiwn, 
p. 21), but did not publish his scientific explanation of all the pheuom* 
ena until the year 165.9. (Galileo had thought that he law, on each 
side of the planet, only two projecting circular disks.) 
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moTing iosmica. bodies and fixed. See Cosmos, vol. iii., p. 
116.) 

The number of tho principal planets has boon exactly doub- 
led since the first volume of Cosmos appeared,* so excessive- 
ly rapid is the succession of discoveries, the extension and per- 
fection of the topography of the planetary system. 

2. Classification of the Planets in two Groups, — If the 
region of small planets situated in the solar system betioeen 
the orbits of Mars and Jupiter, but, on the whole, nearer to 
the former, is considered as a separating zone — as it were, an 
intermediate group — then, as has already been remarked, those 
planets which are nearest to the sun, the interior (Mercury, 
Venus, the Earth, and Mars), present several resemblances 
among each other, and contrasts with the exterior planets 
(Jupiter, Saturn, Uranus, and Neptune), or those which are 
more remote from the sun, beyond this separating zone. Of 
these three groups, the intermediate one occupies a space 
scarcely equal to half tho distance of the orbit of Mars from 
that oi Jupilor. Of tlio spiicu botwuon the two groat jiriiici- 
pal planets, Mars and Jupiter, that part which is nearest to 
Mars is, as far as has hitherto been observed, the most close- 
ly filled ; for if, in the zone which the asteroids occupy, the 
two outermost. Flora and Hygeia, are examined, it will be 
found that Jupiter is more than three times further from Hy- 
geia than Flora is from Mars. The most distinctive features 
of this intermediate group of planets are the great inclination 
and eccentricity of their interlacing orbits, and the extreme 
smallness of the planets. The inclination of the orbits to- 
ward the ecliptic increases in that of Juno to 13^ 3', in that 
of Hebe even to 14° 47', of Egeria to 16° 33', of Pallas even 
to 34^ 37' ; while in the same intermediate group it falls as 
low, in the orbit of Astrea, as 5^ 19', in that of Parthenope 
to 49 37', and that of Hygeia to 3° 47'. The whole of the 
orbits of the small planets having inclinations smaller than 
7^ are, to go from the large to the small, those of Flora, Me- 
tis, Iris, Astrea, Parthenope, and Hygeia. Nevertheless, none 
of these orbits attain such a small degree of inclination as 
those of Venus, Saturn, Mars, Neptune, Jupiter, and Uranus. 
The eccentricities partly exceed even that of Mercury (0 206) ; 
for Juno. Pallas, Iris, and Victoria have 0*255, 0-239, 0-232. 
and 0-218, while Ceres (0076), Egeria (0086), and Vesta 
(0 089) have orbits less eccentric than Mars (0*093), without, 

* Cotmoit vol. i., p. 92. Oompare also Encke, in Schumacher* $ Aslron 
Nachr,, vol. xxvi., 1848, No 622, p. 347, 
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however, attaining to the approximative circular orbits of the 
other planets ^Jupiter, Saturn, and Uranus). The diameter 
of the telescopic planets is immeasurably small ; and accord- 
ing to observations made by Lamont in Munich, and Madler 
with the Dorpat refractor, it is probable that the largest of 
the small planets is at the utmost only 145 geographical 
miles in diameter ; that is, one fiflh of that of Mercury, one 
twelfth of that of the Earth. 

Kthe four planets nearest to the Sun, situated between the 
ring of the asteroids (the small planets) and the central body, 
are called interior planets, they will all agree in presenting 
a moderate size, a greater density, less flattened at the poles, 
and, at the same time, rotating slowly round their axes (in 
periods of rotation of nearly 24 hours), and, with the excep- 
tion of one (the Earth), without moons. On the contrary, the 
four exterior planets, those which are more remote from the 
Sun, situated between the ring of asteroids, and the, to us, un- 
known limits of the solar system (Jupiter, Saturn, Uranus, 
and Neptune), are considerably larger, five times less dense, 
their axial rotation more than twice as rapid, and their num- 
ber of moons greater in the proportion of 20 to 1 . The in- 
terior planets are all smaller than the Earth (Mercury and 
Mars } and ^ smaller in diameter) ; the exterior planets, on 
the contrary, are from 4*2 to 11*2 larger than the Earth. 
The density of the Earth being taken as =1, the densities 
of Venus and Mars aro the same to within less than ^\ ; the 
density of Mercury is also but very little more, according to 
Encke's determination of his mass. On the contrary, none 
of the exterior planets exceed in density } ; Saturn, indeed, 
is only |, almost only half the density of the other exterior 
planets and the Sun. The exterior planets present the soli- 
tary phenomenon of the whole solar system, the wonderful 
circumstance of one of its principal planets being surrounded 
by an unattached ring ; also atmospheres which, in conse- 
quence of the peculiarity of their condensation, appear to us 
variable ; in Saturn, indeed, sometimes as interrupted bands. 

Although in the important classification of the planets into 
two groups o£ interior and exterior planets, the general char- 
acters of absolute magnitude, density, flattening at the poles, 
velocity of rotation, absence of moons, present themselves as 
dependent upon the distances, t. c, from their semi-orbital 
axes, this dcpeudenco can not bo ailirmod of each one of these 
groups Up to the present time wo aro ignorant, as I have 
already remarked, of any internal necessity, any mechanical 
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law of nature, which (like the beautiful law which connecti 
the square of the periods of revohition with the cube of the 
major axes) rcprcsouis the abovo-iiuincd clcmeuls of the order 
of succession of the individual planetary bodies of each group 
in their dependence upon the distances. Although the planet 
which is nearest to the Sun (Mercury) is the densest, even 
six or eight times denser than some of the exterior planets, 
Jupiter, Saturn, Uranus, and Neptune, the order of succes- 
sion, in the case of Venus, the Earth, and Mars, or Jupiter, 
Saturn, and Uranus, is very irregular. The absolute mag- 
nitudes do generally, as Kepler has already observed {liar' 
monice Mundi, vol. iv., p. 194 ; Cosmos, vol. i., p. 93-97), 
increase with the distances ; but this does not hold good 
when the planets are considered individually. Mars is small- 
er than the Earth, Uranus smaller than Saturn, Saturn small- 
er than Jupiter, and succeeds immediately to a host of plan- 
ets, which, on account of their smallness, are almost im- 
measurable. It is true the period of rotation generally in- 
creases with tlie distance from the Sun ; but it is, in the case 
of Mars, slower than in that of the Earth, slower in Saturn 
than in Jupiter. 

The external world of forms, I again repeat it, can only 
be represented iu the enumeration of relations of space, as 
something actually existing in nature, and not :is the subject 
of intellectual deductions of previously known causal rela- 
tions. No universal law for the cosmical regions is hero 
traced, any more than for terrestrial regions in the culmina- 
ting points of mountain chains, or in the configuration of con- 
tinents. These are natural facts which have resulted from 
the conflict of numerous attractive and repulsive forces, un- 
der conditions which are unknown to us. We here enter with 
eager and unsatisfied curiosity upon the obscure domain of 
incipient formation. It is to these phenomena that the so- 
frequently misused term of natural facts may be applied in 
its strictest sense, cosmical processes which have taken place 
during spaces of time of, to us, immeasurable extent. If the 
planets have been formed from revolving rings of ncbuloui 
matter, it must, afler having commenced to aggregate into 
globes, according to the preponderating influence of individ- 
ual centers of attraction, have passed through an intermina- 
ble series of conditions in order to have formed sometimes 
simple, sometimes interwoven orbits, planets of such different 
magnitudes, fattening, and density, with and without moons, 
and even, in one case, to blend the satellites into a solid ring. 
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The present form of things, and the exact numorieal doterm- 
i nations of their relations, has not hitherto boon able to load 
us to a knowledge of the past states, or a olear insight into 
the conditions under which they originated. These condi- 
tions must not, however, on that account, be called accident'* 
alt as men call every thing whose genetic oigan they are not 
able to explain. 

3. Absolute aftd apparent Magnitude; Configuration, 
— ^The diameter of the largest ol all the planets (Jupiter) is 
30 times as great as the diameter of the smallest of tnose 
which have been determined with certainty (Mercury) ; near- 
ly 11 times as great as the diameter of the Earth. Very 
nearly the same relations obtain between Jupiter and the 
Sun. Their diameters are nearly as 1 to 10. It has been 
asserted, perhaps erroneously, that the distance of the me- 
teoric stones, which there is a tendeney to consider as small 
planetary bodies, from Yfesta, which, according to a measure- 
ment by Madler, is G6 geographical miles in diameter, there- 
fore 80 miles less than the diameter of Pallas according to 
Lament, is not greater than the distance of Vesta from the 
Sun. According to these relations, there must be meteorio 
stones of 617 feet in diameter. Fire-balls certainly have,, 
while they retain a disk-like appearance, a diameter amount- 
ing to 2G00 feet. 

The dcpondouco of the flattening at the polos upon the ve- 
locity of rotation appears most strikingly m the comparison 
of the Earth as a planet of the interior group (Rot., 23'** 6G'; 
Flattening, j^^) with the exterior planet Jupiter (Rot., 9**' 65'; 
Flattening, according to Arago, j\f ; according to John Her- 
Bchel, T»,), and Saturn (Rot., lO"^ 29'; Flattening, ^V)- But 
Mars, whose rotation is still 41 minutes slower than the ro- 
tation of the Earth, has, even when a much smaller result is 
assumed than that of William Herschel, very probably a much 
greater flattening. Docs the reason of this anomaly, inas- 
much as the figure of the surface of an elliptical spheroid 
ought to correspond with the velocity of rotation, consist in 
the difTerence of the law of the increasing density toward the 
center of the superincumbent strata ? or in the circumstance 
that the liquid surface of some planets was solidified before 
they could assume the figure appertaining to their velocity 
of rotation ? The important phenomena of the backward 
motion of the equinoctial points or the apparent advanee of 
the stars (precession), that of nutation (oscillation of the 
Earth's axis), and the variation of the inclination of tha 

E 2 
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ecliptic, depeo 1, as theoretical astronomy prores, upon tbe 
configuration. 

The absolute magnitudes of the planets, and their distance 
Irom the Earth, determine their apparent diameter. We 
hsTo, therefore, to arrange the planets according to their ab- 
solute (actual) magnitudes, proceeding from the larger to 
the smaller : 

The small planets with inrolved orbits, of which the larg- 
est appears to be Pallas and Vesta : 

Mercury, Neptune, 

Mars, * Uranus, 

Venus, Saturn, 

Earth, Jupiter. 

The apparent equatorial diameter of Jupitei; at a mean 
distance from the Earth, is 38"*4, while that of Venus, which 
is nearly equal in magnitude to the Earth, is only 16*9"; 
that of Mars, 5"'8. But the apparent diameter of the disk 
of Venus increases in the inferior conjunction to 62", while 
that of Jupiter attains only an iucrcaso to 46". It is neces- 
sary to call to mind in this place that the point of the orbit 
of Venus at which it appears to us with the brightest light, 
falls between the inferior conjunction and her greatest digres- 
sion from the Sun, because in that position the small lumin- 
ous crescent gives the most intense light, on account of its 
greatest proximity to the Earth. Upon the average, Venus 
appears the most beautifully luminous, even casting shadows 
in the absence of the Sun, when at a distance of 40^ east or 
west from the Son ; the apparent diameter then amounts to 
only 40", and the greatest width of the illuminated phase is 
scarcely 10". 

Apparent Diameter of Seven Planets, 

Mercury at a mean distance 6"'7 (oscillates firom 4"*4 to 12") 
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The volumes of the planets in relation to the Earth are : 
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while the volume of the Sun is to that of the Earth = 1407 124. 
Small alterations in the measurements of the diameters in- 
crease the data of volumes in the ratio of their cubes. 

The moving planets which agreeably enliven the aspect of 
the heavens, influence us simultaneously by the magnitudes 
of their disks and their proximity, by the color of their light, 
by scintillation — ^which is not entirely wanting to some plan- 
ets, in certain positions — and by the peculiarity with which 
their diflerent surfaces reflect the Sun's light. Whether a 
feeble evolution of light from the planets themselves modifies 
the intensity and properties of their light, is a problem which 
still remains to be solved. 

4. Arrangement of the Planets and their Distances from^ 
the Sun, — In order to form a general conception of the plan- 
etary system as a whole, so far as it is yet known, and to rep- 
resent it in its mean distances from the central body, the Sun, 
the following table is given, in which, as has always been the 
custom in astronomy, the mean distance of the Earth from 
the Sun (20,682,000 geographical miles) is taken as unity. 
The greatest and smallest distances of the individual planets 
from the Sun in aphelion and perihelion — according as the 
planet is situated in the ellipse whose focus is occupied by 
the Sun, at that point of the major axis (line of apsides) which 
is the farthest from or nearest to the focus — ^will be added 
aflerward, when treating of the planets individually. By the 
mean distance from the Sun, of which alone mention will bo 
made in this place, is to be understood the moan of the great- 
est and smallest distance, or the Ital/ major axis of the plan- 
et's orbit. It must also be observed, that the numerical data 
employed, both previously and hereafler, are for the most part 
taken from Hansen's careful classification of the planetary 
elements in Schumacher's Jahrbuch for 1837. Where the 
data refer to time, they are, in the case of the older and larger 
planets, for the year 1800 ; but in the case of Neptune, for 
the year 1851, by the aid of the Berlin astroftomisclien Jahr* 
buck of 1853. The comparison of the small planets occur- 
ring aflerward, and for which I am indebted to Dr. Gaiie, 
tefers exclusively to more recent epochs. 

Distances of the Planets from the Sun, 

Mercury 0*38709 I Earth 1 00000 

Venus 0-72333 Mars 152369 
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SmaU Planets. 

Egeria 2-679 

Juno 2*669 

Ceres 2*768 



Flora 2-202 

Victoria 2*335 

Vesta 2*362 

Iris... 2*385 

Metis 2*386 

Hebe 2*425 

Parlhenope 2.448 

Irene 2*553 

Astroa 2*677 



PaUas 1*773 

Hygeia 3151 

Jupiter 5*20277 

Saturn 9*53886 

Uranus 1918239 

Neptune 30*03628 



The simple observation of rapidly diminishing periods of 
revolution, from those of Saturn and Jupiter to Mars and 
Venus, led, at a very early time, under the assumption that 
the planets were attached to movable spheres, to conjectures 
as to the distances of these spheres from each other. As 
there are no traces of methodically-instituted observations 
and measurements to be found among the Greeks before the 
time of AristarchuB of Samos, and the establishment of the 
Alexandrinian Museum, a great diflerence arose in the hypoth- 
esis as to the arrangement of the planets and their relative . 
distances ; whether according to the most prevailing system, 
with reference to their distances from the Earth as the fixed 
center, or, as among the Pythagoreans, with reference to the 
distances from the focus of the universe. The principal sub- 
ject on which there was a discrepancy of opinion was the 
position of the Sun, that is. its relative situation in reference 
to the inferior planets and the Moon.* The Pythagoreans, 
who considered number to be the source of all knowledge, the 
real essence of all existing things, applied their theory of num- 
bers, the all-blending doctrine of numerical relations, to the 
geometrical consideration of the five regular bodies, to the 
musical intervals of tone which determine, accord, and form 
different kinds of sound, and even to the system of the uni- 
verse itself, supposing that the moving, and, as it were, vi- 
brating planets, exciting sound-waves, must produce a spher- 
al music, according to the harmonic relutions of their inter- 
vals of space. *' This music,** they add, " would be perceived 

* Bftckh, De Plalonieo £fy«^, p. xxiv.. and in PkiloUwst p. 100. The 
•uccessiuu uf the planets, which, as we have just seen (page 94, note), 
gave rise to the naming uf the week-days aher the planetary deities, 
that of Gemiuus is distinctly called the oldest h^ Ptolemwus. {Almag,. 
xi., cap. i.) He blames the motives from which ** the moderns ha^ 
placed Venas and Mercury beyond the Son.*' 
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by tho human ear if it was rendered insensible by extreme 
familiarity, as it is perpetual, and men are accustomed to it 
from childhood.'** The harmonic part of the Pythagorean 
doctrine of numbers thus became connected with the figura- 
tive representation of the Cosmos precisely in the Flatonio 
Timrous ; for " cosmogony is to Plato the work of the union 
of opposite first causes, brought about by harmony/*t Ho 
attempted, moreover, to illustrate the tones of the universe in 
an agreeable picture, by attributing to each of the planetary 
spheres a syren, who, supported by the stem daughters of Ne- 
cessity, the three Fates, maintain the eternal revolution of the 
world's axis/'l Such a representation of the Syrens, in whose 
place the Muses are sometimes substituted as the choir of 
heaven, has been, in many cases, handed down to us in an- 
tique monuments, especially in carved stones. Mention is 
constantly made of the harmony of the spheres, although gen- 
erally reproachfully, throughout the writings of Christian an- 
tiquity, and all those of the Middle Ages, from Basil the Great 
to Thomas Aquinas and Petrus Alliacus.i 

* The Pythagoreans affirm, in order to justify the reality of the tones 
produced by the revolution of the spheres, that hearing takes place only 
where there is an alternation of sound and silence. — Aristot., De Ciglo, 
ii., 9, p. 290, No. 24'30, Bekker. The inaudibility of the spheral niusic 
is fdso accounted for by its overpowering the senses. — Cicero, De Rep,^ 
vi., 18. Aristotle himself calls the Pythagorean tone-myth pleasing 
and ingenious {KOfi^o^ koI Trrpirrc^f), but untrue (1. o.. No. 12-15). 

t D6ckb, in Philolau$, p. 90. 

\ Pluto, De Republiea, x., p. 617 (Davit* s trantlationt BohtCt Clan, 
Lib., p. 307). Ilo ostimntos tho plnnntary distaiicos according to two 
entirely dilforent pntgrosslons, ono by doubling, tho other by tripliug^ 
from which results the series 1. 2. 3. 4. 9. 8. 27. It is the same series 
which is found in the Timmus, where the subject of the arithmetical 
division of the world — spirit (p. 35, Steph., Davis* t trans., Bohn's Class* 
Lib.), which Demiurgus profmunds, is treated of. Plato had, indeed, 
considered the two geometrical progressions 1. 2. 4. 8 and 1. 3. 9. 27 
together, and thus alternately taken each successive number from one 
of the two series, whence resulted the above-mentioned succession 1. 

2. 3. 4. 9 Compare B6ckh in the Studien von Daub und Creu' 

ter, bd. iii., p. 34-43 ; Martin, Etudes sur le Timie, torn, i., p. 384, and 
tom. ii., p. 64. (Compare also Prevost, Sur VAme d'apris Platan, in the 
Mim. deVAead. de Berlin for 1802, p. 90 and 97 ; the same in tho Biblu 
otkique Briiannique, Sciences et Arts, tom. xxxvii..! 108, p. 153.) 

^ See the acute work of Professor Ferdinand Piper, Von der Hamw 
nie derSphdren, 1850, p. 12-18. The supposed relation of the seven 
vowels of the old Egyptian language to the seven planets, and Gustav 
SoyfTartli's conception, already disproved by Zoega's and T6lken*s in- 
vestigations, of the astrological hymns, rich m vowels, of the Egyptian 
Eriests, according to passages of Pseudo- Demetrius Phalareus (perhaps 
Demetrius of Alexajidria), an epigram of Eusebius and a Gnostic man 
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At the close of the sixteenth century, all the Pythagoiean 
and Platonic views of the system of the universe were again 
reanimated in the person of the imaginative Kepler. He, in 
the first instance, constructed the planelaiy system in the 
Mysterium Cosfjiographicum, in accordance with the prin- 
ciple of the five regular solids, which may he imagined as 
situated between the planetary spheres, then in the Ilarmo" 
nice Mundi, according to the intervals of tone.* Convinced 
of the regularity of the relative distances of the planets, he 
believed that he had solved the problem by a bappy combi- 
nation of his earlier and later views. It is extremely re- 
markable that Tycho Brahe, who in other respects is found 
to be so strictly attached to actual observation, had already 
expressed the opinion (controverted by Rothmann) that the 
revolving cosmical bodies were capable of vibrating the ce- 
lestial air (what we now call resisting medium) so as to pro- 
duce tones.t But the analogies between the relations of tone 
and the distances of the planets, which Kepler so long and 
laboriously endeavored to trace out, remained, in his opinion, 
as it appears to ine, outircly wilh the domain of abstract 
speculation. He congratulated himself upon having, to the 
greater glorification of the Creator, discovered musical rela- 
tions of number in the relations of cosmical space ; as if, in 
poetic enthusiasm, he makes "Venus, together with the 
Earth, sound sharp in aphelion and flat in perihelion ; the 
highest tone of Jupiter and that of Venus must coincide in 
flat accord." In spite of these merely symbolical expres- 
sions, so frequently employed, Kepler says positively, *' Jam 
soni in coelo nulli.existunt, nee tam turbulcntus est motus, ut 
ex attritu aura cadestis eliciatur stridor 4 {Ilarmonice 
Mundi, lib. v., cap. 4.) The thin and clear celestial air 
(aura ccelestis) is also mentioned here again. 

The comparative consideration of the planetaiy intervals 
with the regular bodies which would fill these intervals, en- 

UBcript in Leyden, have been minutely treated of with critical eruditioii 
by the youiiser Ideler {Hermapiont 1841, pars i., p. 198-214). Oom- 
pare alM> Lobeck, Aglciaph., torn, ii., p. 932. 

* On the gruduul development of the musical ideas of Kepler, vide 
Apelt's Commentary of the Harmoniee Mundi, in his work; Johann 
Kepler's WtUantichtt 1849, p. 76-116. (Compare also Delambre, 
Hist, de PAttronom. Mod., tom. i., p. 352-360.) 

t Cfltmot, vol. ii., p. 316. 

I [Now thore are no such things as sounds amon^ the heavenly 
bodies, nor is their motion so turbulent as to elicit noise from the at 
trition of the celestial air.] 



THB PLANETS. Ill 

eouraged Kephr to extend his hypothesis even so far as the 
region of fixed stars.* The circumstance which, on the oc- 
casion of the discovery of Ceres, and the other so-called small 
planets, first forcibly recalled to mind Kepler's Pythagorean 
arguments, was his almost forgotten conjecture as to the prob- 
able existence of a yet unseen planet in the great pHanedess 
chasm between Mars and Jupiter, (" Mot us semper distan- 
tiam pone sequi videtur ; atque ubi magnus hiatus erat inter 
orbes, erat et inter motus/'t) " I have become more daring/' 
he says, in the introduction to the Mysterium Cosmography 
icum, " and place a new planet between Jupiter and Mars, 
as also (a conjecture which was less fortunate, and remained 
long unnoticedl) another planet between Venus and Mercu- 
ry ; neither of these have been seen, probably on account of 
their extreme smallness.i Kepler. subsequently found that 

* Tycho bad denied the existence of the crystaUine spheres, in which 
the plntiets were supposed to be fixed. Kepler praised the undertak- 
ing, but he still adhered to the opinion that the sphere of fixed stars 
was a solid globular shell of two German miles in thickness, upon which 
are the twelve fixed stars, which are all situated at e(|ual distances from 
us, and have a peculiar relation to the corners of an icosahedron. The 
fixed stars '* lumtna sua ab inlut emittunt ;" " emit light from their own 
boflies ;** he also considered for a long time that the planets were self- 
luminous, until Galileo taught him better ! Althoush he. like many 
other of the ancients and Giordano Bruno, considered the fixed stars to 
be suns liko our own, still ho wos not much inclined to entertain the 
opinion, which he had well considered, that all fixed stars are Bur> 
rounded by planets, as I hod formerly stated them to be. (CoimoSf vol. 
ii., p. 328.) Oorapnre Apelt, Commentary to the Harmoniee, p. 21-24. 

t [" There seems to be always a close relation between the motion 
and the distance [of the planets]; that is to say, where there is a great 
interval between their orbs, the same exists also between their mo- 
lions."] 

t It was not until the year 1821 that Delambre, in the Hitt. de VAt- 
iron. Mod., tom. i., p. 314, directed attention to the planets which Kep- 
ler conjectured to lie between Mercury and Venus, in the extracts 
which are complete with regard to astronomy, but not with regard to 
astrology, from Kepler's collected works (p. 314-615). *'0n n'a fait 
aucune attention k cette supposition do Kepler, quaiid on a form6 det 
projets de d^ouvrir la plaiiete qui (selon une autre de ces pr6dic- 
tions) devait circulor entre Mars et Jupiter.*' '' No attention was paid 
to that supposition of Kepler's when projects were formed for discover* 
ing the planet, which (according to another of his predictions) ought to 
revolve between Mars and Jupiter." 

$ The remarkable passage respecting a space to be filled up between 
Mars and Jupiter [hiiitiisj is in Ko\AQr^B Prodromnt Dittertationnm Cot* 
mographiearumf eoniinine Mytterium Cosmo graphienm de admirabiii 
proportione Orhium Calestium, 1.596. p. 7; " Cum igitur hac non succe* 
duret, alia via, mirum quam audaci, tontavi aditum. Inter Jovem et 
Martem interposui novum planetam, itemque alium inter Venerem et 
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he did not require these new planets for his solar system 
founded upon the properties of the regular solids ; it was only 
necessary to modify the distances of the old planets a little 
arhitrarily. ('* Non repcries novos et incognitos planetas, ut 
paulo antea, interpositos, non ea mihi probatur audacia ; sed 
illos voteros parum admodum luxatos,**^ — MysL Cosnwgr., 
p. 10.) Tlio ideal tendencies of Kepler were so analogous 
to those of the Pythagorean school, and still more to those of 
Plato expressed in tlio Timmis^ that in tho same way as 
Plato (Cratyl., p. 409) assumed, in addition to tho difler- 
ences of tone in the planetary spheres, those of color, Kepler 
likewise instituted some experiments {Astron, Opt., cap. 6, 
p. 261) for the purpose of detecting the colors of the planets. 
Even the great Newton, always so precise in his conclusions, 
was inclined, as Prevost has already remarked {Mhn, de 
VAcad. de Berlin for 1802, p. 77 and 93), to reduce the di- 

Mercurium, qant daos forte ob exilitatem non videamiis, iisque faa 
tempora periodica aBcrinsi. Sic enim existinjabam me aliqaam eqiial- 
itatom pronoi'tioniim eUbcturuin, quio proportiouea inter biiios veniut 
Solem ordiiio mitiuerentur, versus fixas augescerent; ut propior est 
Terra Veueri quautitate orbis terrestris, quam Mars Terne, in quanti- 
tate orbis Martis. Vcrum hoc pacto neque unius pianette interpositio 
sufficiebat iugeuti hiatu, Jovem inter et Martem : nianebat eniin major 
Jovis ad ilium novum proportio, quam est Saturni ad Jovem. Rursus 
alio mode exploravi." '*When this plan therefore failed, I tried to 
reach my aim in another way, of, I must confess, singular boldness. 
Between Jupiter and Mars I iuternosed a new planet, and another also 
between Venus and Mercury, both which it is possible are not visible 
on account of their minuteness, and I assigned to them tlieir respective 
periods. For in this way I thought that I might in some degree equal- 
ize their ratios, which ratios regularly diminished toward the Sun, and 
enlarged toward the (ixod stars, as the Earth is nearer to Veniu than 
Mars is to tho Earth. But even in this way the interposition of one 
planet did not supply the great chasm between Jupiter and Mars, for 
the ratio between Jupiter and the supposed new planet still remained 
greater than between Saturn and Jupiter. Again I tried in another 
way.'* Kepler was twonty-five years of age wlien he wrote this. It 
may be seen how his restless mind formed hypotheses, and again quick- 
ly iorsook them, to deceive himself with others. He always retained 
a hopeful faith in being able to discover numerical laws where matter 
had aggregated under the manifold disturbances of attractive forces 
(disturbances whose combinations are incalculable, as are so many past 
events and formations on account of our ignorance of the accompanying 
conditions), aggregated into globes, revolving in orbits, sometimes sim- 
ple and almost parallel, sometimes grouped together and surprisingly 
complicated. 

* [** You will not find new and unknown planets, as I said before ; 
that boldness I do not approve of; but you will find the old ones a little 



altered in position.**] 



ircaulated, vol. ii., Bohn*s Olassical Library.] 
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mensions of the seven colors of the spectrum to the diatonic 
scale.* 

The hypothesis of yet unknown members of the planetary 
series calls to mind the opinion of Hellenic antiquity, that 
there were far more than five planets ; these were, indeed, 
all that had been observed, but many others might remain 
unseen, on account of the feebleness of their light and their 
position. Such a doctrine was especially attributed to Arte- 
midorus of Ephesus.f Another old Hellenic, and perhaps 
even Egyptian belief, appears to have leen, that <* the celes- 
tial bodies which we now see were not all visible in earlier 
times." Connected with such a physical, or, much rather, 
historical myth, is the remarkable form of the praise of a 
high antiquity which some races ascribed to themselves. 

Thus the pre-Hcllcnio Pelasgian inhabitants of Arcadia 
called themselves Prosclcnes, because they boasted that thoy 
came into the country before the Moon accompanied the 
Earth. Pro-Hellenic and pre-lunarian were synonymous. 
The appearance of a star was represented as a celestial event, 
as the Deucalionic flood was a terrestrial event. Apuleius 
{Apologia, vol. ii., p. 494, ed. Oudendorp ; Cosmos, vol. ii., 
p. 189, note) extends the flood as far as the Gatulean mount* 
ains of Northern Africa. Apollonius Rhodius, who, accord- 
ing to Alexandrian custom, was fond of imitating old models, 
speaks of the early colonization of the Egyptians in the val- 

* Newtoni Op'!»cula Maihemaiicaf Philo§ophiea et Philologica, 1744, 
torn, ii., Opasa xviii., p. 246: "Chordam mtmce divisam potius odhi- 
bui, non tatitum quod cum phtenomiuiK (Incis) optime cotiveuit, sed 
quod fortoase, uliquid circa colorum harmonins (quarum pictores non 
penitus ignari sunt), sonorum coucordautiis fortasse analogas, involvat. 
Quemadmodum vertsimilius videbitur animadvertenti affinitatem, qute 
est inter extimam Pnrpuram (Violarum colorem) ac Rubedinem, colo- 
rum eztremitates, quaiis inter octavie terminos (qui pro unisonis quo- 
dammodo haberi possunt) reperitur." ** I preferred employing the di- 
Tisious of the musical chord, not only because they harmonize best with 
the phenomena [of light], but because it is possible there may be some 
latent analogy between the harmonies of colors (with whicli painters 
aro not altogether unacquainted) and the concords of sounds. This 
will appear more probablo to any one who shall notico tho similarity 
of relations botwoon violot and rod, tho oxtromo colors (jcm the spec- 
trum], and the highest and lowest notes of the octave, which somehow 
may be considered as in unison." — Compare also Prevost, iu tlie Mim, 
de VAead. de Berlin for 1802, p. 77 and 93. 

t Seneca, Nat. Qu<r«^ VII., 13 : " Non has tantnm Stellas quinque 
discurroro, sed solas ol>sorvntns esse : cotcnim iniiiimombilos iorri \wr 
occultum." " Not that these Gve stars only moved, but that thoy only 
had been observed, for a countless number are borne along beyond tho 
reach of vision." 
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ley of the Nile : " the stars did not yet reyolve in the heavens ; 
nor had the Danaides yet appeared, or the race of Deucalion.*'* 

* Since tho explanations which Hoyne has given of the origin of the 
astronomical mytli of the Proselenes, so widely difiused in antiquity (/>« 
Arcadilms Luna AniiquioribuSf in Opvse, Aead,, vol. ii., p. 332), were 
unsatisfactory to me, I was greatly rejoiced to receive from my acute 
philological friend, Pmfessor Johannes Franz, a new and very happy 
solution of this much-debated problem, by simple combinations of ideas. 
This solution is unconnected with either the arrangement of the calen- 
dar by tho Arcadians, or their worship of tho Moon. I restrict myself 
here to an extract from an unpublishea and more extended work. This 
explanation will not be unwelcome to some of my readers in a work 
in which I have made a rule frequently to trace back the whole of our 
present knowledge to the knowledge of the ancients, and even to tra- 
ditions believed generally or by very many. 

** We shall commence with a few of the principal passages from the 
ancients which treat of the Proselenes. Stephanus of Byzantium (v. 
*ApKdc) mentions the logographs of Hippys or Rhegium,a cotemporary 
of Darius and Xerxes, as the first who called the Arcadians irpoaiXtf 
vovf. The scholiasts (ad Aptdlon. Rliod, /K., 2G4, and ad Aritioph,, 
Nub,, 397) agree in saying, tho remote antiquity of the Arcadians be- 
comes must clear from the fact of thoir being called npoai^rfvoi. They 
appear to have boon tlioro boforo tho Moon, as Rndoxus and Theodorus 
also say ; the latter adds that it was shortly boforo the lubors of Her- 
cules tiiat the Moon appeared. In the government of the Tegeates, 
Aristotle states that the barbarians who innabited Arcadia were driven 
out by the later Arcadians before the Moon appeared, and therefore 
they were called npoae^vvoi. Others say, Endymion discovered the 
revolution of the Moon ; but, as he was an Arcadian, his countrymen 



were called after him npoaiXfjvot, Lucian expresses himself slighting- 
ly. {Aitrolog.t 26.) According to him, it was from stupidity and tony 
that the Arcmlians said they were there before the Moon. In the Sehol, 
adjEtehyl., Prom,, 436, it is observed, that rcpoaeXoitfuvov is called v6pi^ 
^Oftevov, whence, therefore, the Arcadians were called irpoaiXfjvot, be- 
cause they are aiTogant. Tho passages in Ovid as to the existence of 
the Arcadians before tho Moon are universally known. Recently, in- 
deed, the idea has sprung up that all the ancients were deceived by 
ihe form npoai^vvoi, and that the word (properly npoiXXjjvot) meant ^ 
only pre-Hellenic, as Arcadia certainly was a Pelasgian country. 

" If, now, it can be proved," continues Professor Franz, ** that an- 
other people connected their origin with another cosmical body, the 
trouble ot taking refuge in deceptive etymological explanations will 
be obviated. This kind of testimony exists in tlie most suitable form. 
The learned rhetorician Monander says literally in his work, Dc Eeon- 
omUt (sec. ii., cap. 3, ed. Ileoron), as follows: * A third motive for tho 
praise of objects is the time ; this is the case in all the most ancient na- 
tions : when we say of a town or of a country it was founded before 
this or that star, or with those stars, before the flood or af\er the flood 
—as the Athenians aflirm they originated at tlie same time as the Sun, 
the Arcadians before the Moon, the Delphians immediately after the 
flood — these are epochs, and, as it were, starting-points in time.' 

** Therefore Delphi, the connection of which with the flood of Dou* 
calion is otherwise proved (Pausan., x., G), is surpassed by Arcadia, 
and Arcadia by Athens. Apollouius Rhodius, who was so Amd of imi 
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This important passage explains the praise of the Pelasgiao 
Aroadia. 

I conolude these considerations respecting the distances of 
the planets, and their arrangement in space, with a law, 
which, however, scarcely deserves this name, and which is 
called hy Lalande and Delamhre a play of numhers; hy oth- 
ers, a help for the memory. It has greatly occupied our la- 
borious Bode, especially at the time that Piazzi discovered 
Ceres : a circumstance, however, which was in no way occa- 
sioned by that so-called law, but rather by a misprint in Wol- 
liston's Catalogue of the Stars, If any one is inclined to 
consider that discovery as the fulfillment of a prediction, it 
must not be forgotten that the latter, as we have already 
pointed out, extends back as far as Kepler, or more than a 
ceutury and a half beyond Tiiius and Bode. Although the 
Berlin astronomer had already distinctly declared, in the sec- 
ond edition of his popular and extremely useful Anleitung 

tating old moddls, expresses himself quite in accordance with this pas- 
sage where he rays (iv., 261), Egypt is said to have been inhabited be- 
fore all other countries; ' the stars aid not yet all revolve in the heavens; 
the Danaides had not yet ap[)eared, nor the race of Deucalion ; the Ar- 
cadians alone existed ; those of whom it is said that they lived before 
the Moon, eating acorns upon the mountains.' In the same manner, 
Nonnns (xli.) says of the Syrian Berofi that it was inhabited before the 
time of tbe Sun. 

'' Such a hobit of deriving determinations of time from epochs in the 
formation of the world is an oifiipring of the speculative period, in which 
all objects have still more vitality, and is most closely allied to tlio gen- 
ealogical local poetry ; so that it is not improbable that the tradition sang 
by au Arcadian iN»ot of tho bnttlo of tho ginuts in Arcadin, to which tlio 
above^uoted words of old Theodorus (whom some consider to bo a 
Samothracian, and whose work must have been ver]r comnrehensive) 
refer, may have given occasion to the general application ot the epithet 
vpooi2.fjvoi to the Arcadians.*' With regard to tho double name^'Ar- 
kades Polasgoi,* and the opposition of a more ancient or recent peopling 
of Arcadia, compare tho excellent work Der Peloponnetot^ by Krnst 
Curtius, 1851, p.^160 and 180. In the New Oontiuont. also, there is, 
as I have already shown in another place (see my Kleinen Sckr^ten, 
bd. i., p. 115^, upon the elevated plam of Bogota, the race of Mnyscos 
or Mozcns, wno in their historical myths boast of a proselenic antiquity. 
The origin of the Moon is connected with the tradition of a great flood, 
which a woman who accompanied the miracle-worker Botschika hatl 
cansed by her magical arts. Botschika drove away the woman (called 
Huythaca or Schia). She led the Earth, and became the Moon, " which 
until then had never shone upon the Muyscas." Botschika, pitying the 
human race, opened a steep rocky wall near Oanoas, where tho Rio de 
Tunzha now rushes down, forming the famous waterfall Tuqiieudama. 
The valley, filled with water, was then laid dry — a geognostic romance 
which occurs repeatedly : for example, in the closed Alpine valley of 
Cashmir, where the mighty drainer is called Kasyapa. 
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zur Kenntniss des gestimten Ilimmels, that " he had takoo 
the law of the dislaiices from a translation of Bonnet's Con- 
templation dc la NaturCt prepared by Professor Titius at 
Wittenberg/* still it has generally borne his name, and sel- 
dom that of Professor Titius. In a note which the latter add- 
ed to the chapter on the System of the Universe,* he says, 
" When the distanqes of the planets are examined, it is found 
that they are almost all removed from each other by distances 
which are in the same proportion as their magnitudes in- 
crease. If the distance from Saturn to the Sun is taken as 
100 parts, the distance of Mercury from the Sun is 4 such 
parts, that of Venus 4+3=7 such parts, the Earth 4 + 6 = 1 0, 
Mars 4+12=16. But from Mars to Jupiter there is a de- 
viation from this accurate (!) progression. Mars is followed 
by a space of 4+24=28 such parts, in which neither a prin- 
cipal planet nor a subordinate planet has yet been scon. Is 
it possible that the Creator should have left this space empty ? 
It can not be doubted that this space belongs to yet undis- 
covered satellites of Mars ; or that perhaps oven Jupiter has 
further Batollites around him, which have not hitherto been 
Boon by any telescope. In this space (unknown to us as re- 
gards its contents) Jupiter's circle of action extends to 4+48 
=52. Then follows Saturn in 4+96=100 parts — an ad- 
mirable proportion." Titius was therefore inclined to consid- 
er the space between Mars and Jupiter as containing, not 
one, but, as is actually the case, several cosmioal bodies ; how- 
ever, he conjectured that they were more likely to be subor- 
dinate than principal planets. 

How the translator and commentator of Bonnet obtained 
the number 4 for the orbit of Mercury, is nowhere stated. 
Perhaps he selected it only in order to have in combination 
with the easily divisible numbers 96, 48, 24, &c., exactly 100 
for Saturn, at that time the most distant planet known, whose 
distance is 9*5, thus very nearly =100. It is less probable 
that he constructed the order of succession by commencing 
from the nearer planets. A sufHcient correspondence of the 
law of duplication, setting out, not from the Sun, but from 
Mercury, with the true planetary distances, itoiild not have 
been ailirmcd in the last century, as the latter were known 

* Karl Bonnet, Betrachtvng liber die Nature translated by Titins, sec- 
ond edition, 1772, [>. vii., note 2 (the first edition appeared in 1706 V In 
Bonnet's original work no such law is noticed. (Conipaire v\m% Bode, 
AnIeU, xur Kenntnite dee gutinUen llimmelet socuud udiliou, 1772, p. 
4(i2.) 
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at that time with sufficient accuracy for this purpose. In 
reality, the distances between Jupiter, Saturn, and Uranus fp< 
proximate very closely to the duplication ; nevertheless, since 
the discovery of Neptune, which is much too near to Uranus, 
the defectiveness in the progression has become strikingly ev- 
ident.* 

What is called the law of Wurm of Leonberg, and some- 
times distinguished from the law of Titius and Bode, it mere- 
ly a correction which Wurm made as to the distance of Mer- 
cury from the Sun, and the 4ifiei'ence between the distances 
of Mercury and Venus. Approximating nearer to the fact, 
he fixes the former as 387, the latter 680, and the distance 
of the Earth lOOO.f Gauss had already, on the occasion of 

* Since, according to Titias, the distance from the Sun to Saturn, 
then the outermost planet, is taken as =100, the individual distances 
should be, 

Mercury, Venus, Earth, Mars, Small planets, Jupiter, 

_ 4 . 7 !• 16 98 5fl 

Tw Tw Tirr - TTT mr rw 

according to tlie so>called progression : 4, 4+3, 4+6, 4+12, 4+24, 
4+48 ; consequently, when the distance of Saturn from the Sun is taken 
as 789*2 million geographical miles, those of the other planets, expressed 
in the same measure, are : 



Dtetauces, according to Titiaa, in Geographical 

Miles. 



Actual Distance fn 
Geographical Miles. 

32*0 millioni. 

600 " 

82-8 " 

1260 " 

220-8 •* 

4300 " 

789-2 " 

ll>86-8 *« 

2484-8 " 



Mercur]^ 31-6 millions. 

Vuniii 55*2 

Riirth 78-8 

Mars 1260 

Small planeU 220*8 

Jupiter 4104 

Siiturn 789-2 

Uronus 1586*8 

Neptune 3062*0 



n 
II 
II 
u 
a 
u 
u 
tt 



t Wurm, in Bode*t Attron. Jahrbneh for the year 1790, p. 168; and 
Bode, Von dem neuen xwiicken Mart und Jupiter enideckten mehten 
Hnuptplaneten det Sonnentyttemtt 1802, p. 45. With the numerical cor- 
rection of Wurm, the series, according to the distances from the Sun, ist 

Mercury 387 Parts. 

Venus 387+ 293= 680. 

Earth 387+ 2-293=s 973. 

Mars 387+ 4-293= 1559. 

Small planets 387+ 8*293= 2731. 

Jupiter 387+ 16-293= 5075. 

Saturn 387+ 32*293= 9763. 

Ui*anus 387+ 64*293=19139. 

Neptune 387+128-293=37891. 

In order that the degree of accuracy of these results may be tested, 
the actual mean distances of the planets are given in the next table, as 
they are acknowledged at the present time with the addition of the 
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the discovery of Fallai by Olben, aptly criticised thei so- 
called law of distances in a letter to Zaoh (October, 1802). 
'* The statement of Titius/' says he, " contrary to the nature 
of all truths which merit the name of laws, agrees only ap- 
proximatively with observed facts in the case of most plan- 
ets, and, what does not appear to have been once observed, not 
at all in the case of Mercury. It is evident that the series 

4, 4+3, 4+6, 4+12, 4+48, 4+96, 4+192, 

with which the distances should correspond, is not a continu- 
ous series at all. The member which precedes 4+3 should 
not be 4 ; i. e,, 4+0, but 4+11^. Therefore, between 4 and 
4+3, there should be an infinite number ; or, as Wurm ex- 
presses it, for n=l, there is obtained from 4+2'*~^.3, not 4, 
but 5^, Otherwise, the attempt to discover such approxi- 
mative similarities in nature is by no means to be censured." 
5. Masses of the Planets. — These elements are determined 
by satellites when there are any, by the mutual disturbances 
of the principal planets among each other, or by the influence 
of a comet of brief revolution. In this way the hitherto un- 
known mass of Mercury was dutorminod by Encko in 1841, 
by the disturbances which his comet suflcred. The some 
comet oflers a prospect of a future improvement in the esti- 
mation of the mass of Venus. The disturbances of Vesta ate 
applied to Jupiter. The mass of the Sun being taken as 
unity, those of the planets are (according to Encke, vierte 
Abhandlung Uber den Cometen von Pons in den Schrijlen 
der Berliner Akademie der Wissenschaften for 1842, p. 6) * 

Mercury TTf Ittt 

■ Venus TTTfinr 

Earth ttttVtt 

numbers which Kepler considered, in accordance with the Tychonio 
system, to be the true ones. I quote the latter from Newton's work 
De Mundi SyitemaU {Oputeula Math. Philos. et PhUol., 1744, tom. ii., 
p. 22) : 



Planets. 


Actual DUtancoa. 


Keplor'a Roaulta. 


Mercury .................. 


0*38709 
072333 
1-00000 
1*52369 
2-66870 
5-20277 
9*53885 
19*18239 
3003628 


0-38806 
0-72400 
1-00000 
1-52350 

5-19650 
9-51000 


Venus .••• ..•• *••> ..•• .... 


Earth 


Mars ..................... 


Juno ..................... 


Jupiter ................... 


Saturn ................... 


Uranus ...•••.«........... 


Nontiiuo 
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(Earth and Moon together. . . ttiVtt) 

Mars mim 

Jupiter and his satellites .... tttI-ttt 

Saturn ^Jt-^ 

Uranus ixivj 

Neptune TiiiT 

The mass t^Vt* ^^i^^^ ^^ Verricr found, by means of his 
sagacious calculations, before the actual discovery of Neptune 
by Galle, is greater, although remarkably near to the truth. 
The arrangement of the principal planets, according to their 
increasing masses, is, when leaving out the small ones, the 
following : 

Mercury, Mars, Venus, Earth, Uranus, Neptune, Saturn, 
Jupiter ; 
thus, like the volumes and dendties, entirely difleront from the 
order of succession of the distances from the central body. 

6. Densities of the Planets, — By applying the above quot- 
ed volumes and masses, the following numerical relations are 
obtained for the densities of the planets (according as the 
earth or water is taken as unity) : 



Planetf. 



Belatlon to the 


Rolntion to tho 


Earth. 


density of Water. 


1-234 


C-71 


O-O'IO 


5-11 


1-000 


5-44 


0*958 


5-21 


0-243 


1-32 


0140 


0-7C 


0178 


0-07 


0-230 


1-25 



Morcury., 
Vouui..., 

Earth 

Mars..... 
Jupiter.., 
Saturn ... 
Uranus... 
Neptune^, 



In the comparison of the density of the planets with water, 
the density of the Earth serves as a basis. Reich's experi- 
ments, made in Freiberg with the torsion balance, gave 
5*4383 : very nearly the same as the analogous experiments 
of Cavendish, which, according to the more accurate calcula- 
tions of Francis Baily, gave 5*448. The result of Baily's 
own experiments is 5-660. It will be seen from the abovo 
table that Mercury, according to Encke's determination of 
mass, comes very near to the other planets of medium mag- 
nitude. 

This table calls to mind forcibly the classification, several 
times mentioned by me, of the planets into two groups, which 
are separated from each other by the zone of the small plan 
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ets. The differences of density which are presented hy Mars, 
Venus, the Earth, and even Mercury, are very slight ; almost 
equally similar among each other, but from 4 to 7 times hiss 
dense than, the former group, are the planets more distant 
from the Sun — Jupiter, Neptune, Uranus, and Saturn. The 
density of the Sun (0*252, if the Earth is taken as 1000 ; 
therciore, in reference to water, 1*37) is but little more than 
the densities of Jupiter and Neptune. Consequently, the 
planets and the Sun* must be arranged, according to their 
morcosing density, in the following order : 

Saturn, Uranus, Neptune, Jupiter, Sun, Venus, Mars, Earth, 
Mercury. 

Although, upon the whole, the densest planets are nearer to 
the Sun, still, token they are considered individtioUy, their 
density is by no means proportional to the distances, as New- 
ton was inclined to assumo.t 

7. Periods of Sidereal Revolution and Axial Rotation. 
— Wo shall coafme ourselves here to giving the sidereal, or 
true periods of revolution of the planets in reference to the 
fixed stars, or a fixed point of the heavens. During such a 
revolution, a planet passes through exactly 360 degrees in its 
course round the Sun. The sidereal revolutions of the plan- 
ets must be clearly distinguished from the tropical and synodic, 
the former of which refer to the return to the spring equinox, 
the latter to the difference of time between two consecutive 
conjunctions or oppositions. 

* The San (which Kopler considered to be mngnetic, probably from 
)uthu«iu8tic admirutiou fur the divina invenla of his justly famous co- 
tcm{>oniry, Willium Gilbert, and whose rotation in the same direction 
as the planets he maintained long before the Sun-spots were discovered^ 
Kepler declares, in his Comment, de motibuM SteUte Marti$ (cap. 23), ana 
in AitronomuB part Optica (cap. 6), to be " the densest of all cosmical 
Uidies, because it moves all the others which belong to his system.*' 

t Newton, De Mundi SyUemate', in Oputcvlu^ torn, ii., p. 17 : '* Oor- 
pora Veneris et Mercurii raajore Solis calore magis concocta et coami- 
lata sunt. Planets ulteriores, defeclu caloris, carent suhstantiis illis 
metallicis et mineris ponderosis quibus Terra referta eat Dcnsioru cor- 
pora quo) Soli propiora: ea ratione consUibit optime |Nmdera I'laneta- 
rum omnium esse inter se ut vires." ** The bodies of Venus and Mer- 
cury are more ripened and condensed on account of the greater heat 
of the Sun. The more remote planets, by want of heat, are deficient 
in those metallic substances and weighty minerals with which the Earth 
abounds. Dodies are denser in proportion to tlieir nearness to the Sun; 
fmm which reason it will easily appear that the weight c f all planets is 
in proportion to their forces." 
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Period! of itdereal 
BeToludoBt. 


notation. 


MorcuiT.... ..•..••..... 


87«»*96928 

224-70078 

365-25637 

686-97964 

4332*58480 

10759-21981 

30686*82051 

60126*70000 


4. h. m. ■. 

23 56 4 

1 37 20 
9 55 27 
10 29 17 


Veniu .^.... 

Earth..... 


Man. 1. ................ 


Japiter . ................ 


Satmm ••... .... .... .■■. 


UranoB. . ....... ........ 


NoDtuno. •........•.••.. 





In another more perspicuous form the two periods of revo- 
lution are : ' 

Mercury ST'*- 23'^ IS""- 47'- 

Venus 224 16 49 7 

Earth 365 6 9 10 -7496 : 

whence it follows that the period of the tropical rovolution> 
or the length of the solar year, is 36d<'-24222, or 365d. 5h. 
48m. 47"'8091 ; the length of the solar year is shortened 
0"*595 in 100 years on account of the precession of the equi- 
noxes t 

Mars 1 year, 321''- 17^- 30"- 4 1"- 

Jupiter 11 years, 314 20 2 7 

Saturn 29 years, 166 23.. 16 32 

Uranus 84 years, 6 19 41 36 

Neptune 164 years, 226 17 

The rotation is most rapid in the case of the exterior planets, 
which have, at the same time, a longer period of revolution ; 
slower in the case of the smaller interior planets, which are 
nearer to the Sun. The periods of revolution of the asteroids 
hetween Mars and Jupiter are very various, and will he spoken 
of in the enumeration of the individual planets. It is there- 
fore sufficient, in this place^ to give a comparative result, and 
to observe that among the small planets Hygoia has the lon- 
gest, and Flora the shortest period of revolution. 

8. Inclination of the Planetary Orbits and Axes of Ro- 
tation. — ^Next to the masses of the planets, the inclination 
and eccentricity of their orbits are among the most important 
elements upon which the disturbances depend. The compar- 
ison of these, in the order of succession of the interior, small 
intermediate and exterior planets (from Mercury to Mars, from 
Flora to Hygeia, from Jupiter to Neptune), presents manifold 
similarities and contrasts, which lead'to considerations as to 
the formation of these cosmical bodies, and their changes dur 

Vol. IV.— F 






G081I06. 



lag long peiiodfl of time. The planets lerolTiiig.iii iiieh ▼&• 
nous elBptieal oibits are also all situated in difierant planes. 
In Older to render a numerical comparisaa possible, tkej ars 
redooed to a jhndsmental plane, either fixed or morable, ae- 
cording to certain laws. As soch. the most oonTenient is the 
ecliptic — the comse whieh the Earth actoally traTeiscs or 
the equator of the terrestrial spheroid. We add to the same 
table the inclinations of the axes of rotation of the planets 
toward their own orbits, so far as they are determined with 
any certainty. 



„- 


laeUutiaiorilw 
FlanetarT Orbiia 
totheEdipdc. 


Pfanelvy Orbin 
to Iha Ettik'k 
EqMtor. 


iMlMlkaoriha 
CM tD their Orb. 


Veniit 


70 o' 5'/^ 

29 23' 28"-5 

00 0' 0" 
10 51' 6"^ 

10 18* 51"-6 
20 SO* 35"-9 

09 46' 28"*0 

10 47/ 0" 


28® 45' 8" 
240 33' 21" 
230 27' 54"-8 
240 44' 24" 
230 18*28" 
220 38* 14" 
230 41' 24" 
22® 21' 0" 


6dO 32' 
61® 18* 
800 54' 


Earth 


Man 


Jopiter ......... 


Satnin ^um.,. ..,- 


Dnuina 


NepUiDO 



The small planets are omitted here, because they will be 
treated of fiirther on as a separate distinct group. If thd 
planet Mercury, situated near the Sun, and the inclination 
of whose axis toward the ecliptic (7^ 0' 5"'9) approaches 
very near to that of the solar equator (7^ 30'), the inclinaticms 
of the other seven planets will be seen to oscillate between 
0]^ and 3^^. Jupiter exhibits, in the position of the axis of 
rotation with reference to its own orbit, the closest approxi- 
mation to the extreme of perpendicularity. On the contrary, 
the axis of rotation of Uranus, to conclude fiom the inclina- 
tion of the orbits of its satellites, very nearly coincides with 
ihe plane of- the planet's orbit. 

Since the division and duration of the seasons, the solar al- 
titudes under various latitudes, and the length of the days, 
depend upon the amount of the inclination of the Earth's axis 
toward the plane of its orbit, as well as upon the obliquity of 
the ecliptic (f.^., upon the angle which the apparent course 
of the Sun makes with the equator at their point of inteiseo- 
tion), this element is of the most extreme importance as re- 
gards the astronomical climate, i.e., the temperature of the 
Earth, in as far as this is a function of the meridian altitude 
attained by the Sun and the duration of its continuance above 
the horizon. If the obliquity of the ecliptic were great, or 
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if, indeed, the Earth's equator were perpendicular to the 
Earth's orbit, at each part of its surface, even under the 
poles, the Sun would be in the zenith once in the year, and 
for a greater or less time, neither rise nor set. The difier- 
ences of summer and winter under each latitude (as well as 
the length of the day) would obtain the maximum of opposi- 
tion. The climates in each part of the Earth would belong, 
in the highest degree, to thoso which are called extreme, and 
which an interminably complicated series of rapidly-changing 
currents of air could only slightly equalize. If tiie reverse 
were the case, or the obliquity of the ecliptic null» if the 
Earth's equator coincided with the ecliptic, the difTorences of 
the seasons and in the length of the days would cease every 
where, because the Sun would continuidly appear to move in 
the equator. The inhabitants of the poles would see it per- 
petually at the horizon. '* The mean annual temperature of 
each point of the Earth's surface would also be that of each 
individual day."* This condition has been called an eternal 
spring, although, however, only on account of the universally 
equal length of the days and nights. As the growth of 
plants would be deprived of the stimulating action of the 
Sun's heat, a great part of those districts which we now call 
temperate zones would be reduced to the almost always uni- 
form and not very agreeable spring climate, from which I 
sufibred much under the equator, upon the barren mountain 

fdains (Paramosf) between 10,659 and 12,837 feet above the 
evel of the sea, situated near the boundary of perpetual snow 
in the Andes chain. The temperature of the air during tlie 
day oscillates there between 4|^ and 9° ]l6aum. (42^ and 
620-25 Fahr.). 

Grecian antiquity was much occupied with the obliquity 
of the ecliptic, with rough measurements, conjectures as to its- 
variability, and the influence of the inclination of the Earth's 
axis upon climate, and the luxuriance of organic development. 
These speculations belonged especially to Anajcagoras, tlio 
Pythagorean school, and to (Enopides of Chios. The pas- 
sages which give us any information on this point are scanty 
and indecisive ; however, they show that the development of 
organic life and the origin of animals were considered to have 
been simultaneous with the epoch in which the axis of the 
Earth first commenced to be inclined, which also altered tlia 

* Midler, Attronomiet $ 193. 

t Hamboidt, De DistrUnUione Oeo^aphiea PlantarMnit p. 104^ ( Vievt 
of Nature, p. 220 to 223, Bohn*8 edition.) 



124 008M08. 

inhabitability of the planet in particular zones. According 
to Plutarch, De Plac* Philos., ii., 8, Anaxagoras believed 
** that the world, after it had come into existence and pro- 
duced from its womb living beings, had of itself inclined to- 
ward the south." In the same regard, Diogenes Laertius 
says of the Clazomenier, " the stars had originally projected 
themselves in a dome-like layer, so that the pole appearing 
at any time was vertically over the Earth ; but that after- 
ward they assumed an oblique direction." The origin of the 
obliquity of the ecliptic was considered as a cosmical event. 
There was no question respecting a subsequent progressive 
alteration. 

The description of the two extreme, therefore opposite, con 
ditions to which the planets Uranus and Jupiter approximate 
most closely, is suited to call to mind the variations which the 
increasing or decreasing obUquity of the ecliptic would pro- 
duce in the meteorological relations of our planet, if these va- 
riations were not comprised within very narrow limits. The 
knowledge of those limits, the subject of the great works of 
Loonhard Eulor, Lagrange, and Laplace, may bo called one 
of the most brilliant achievements of modern times in theo- 
retical astronomy and the perfected higher analysis. These 
limits are so narrow, that Laplace (Expos, du Systeme du 
Monde, ed. 1824, p. 303) puts forward the opinion that the 
obliquity of the ecliptic oscillates about its mean position only 
1^^ toward both sides. According to this statement,* the 
tropical zone (the tropic of Cancer, as its northernmost and 
outermost boundary) would approach only so much nearer to 
us. The result would therefore be, if the numerous other 
meteorological perturbations are omitted, as if Berlin were 
gradually displaced from it present isothermal line to that 
of Prague* The elevation of the mean annual temperature 
would scarcely amount to more than one degree of the cen- 
tigrade (i^ of a degree of Fahrenheit's) thermometer.f Biot, 

* ** L'^tendue entiere de cette variation serait d'environ 12 degr^, 
mail VacUon du Soleil et de la Lune la r^dait & peu pres k troiB degree 
(ceut^simaux).*' " The entire extent of that variation would be about 
12^, but the action of the Sun and Moon reduce it to very nearly 3^ 
(centesimal)." — Laplace, Expoi, du Sytt, du Monde, p. 303. 

t I have shown in another place, by comparison or numerous mean 
annual temperatures, that in Europe, irom the North Oape to Palermo, 
the difTerenco of one degree of geographical latitude very nearly cor- 
reiponds to 0*5^ of tho centigrade thormometer, but in the western 
temperaturo-systom of America (between Boston and Churlcstown) to 
0-9^. (Atie Cenirale, tom. iii., p. 229.) 
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indeed, also assumes only narrow limits for the alternating 
variation in tho obliquity of tho ecliptic, but considers it 
more advisable not to assign to it a determinate number. 
'' La diminution lente et siculaire de Tobliquit^ de T^clip- 
tique/' says he, " ofire des 6tats altematife qui produisent 
une oscillation 6temelle, comprise entre des limites fixes. La 
th6orie n'a pas encore pu parvenir a determiner ces. limites; 
mais d'apres la constitution du systeme plan6taire, elle a d6« 
montr6 qu'elles existent et qu'elles sent trb& jitu 6tcndues 
Ainsi, a ne consid6rer que le seul efiet des causes constantes 
qui agissent actuellement siir le systeme du monde, on pent 
affirmer que le plan de T^cliptique rC a jamais coincidi et ne 
coincider a jamais avec le plan de T^quateur, ph6nomene qui, 
s'il arrivait, produirait sur le Terre lo (pr6tendu I) printemps 
perp6tuel."* — Biot, TraiU d^ Astronomic Fhf/sique, 3d ed., 
1847, tom. iv., p. 91. 

While the nutation of the Earth's axis discovered by Brad- 
ley depends merely upon the influence of the Sun and the 
Earth-s satellite upon the oblate figure of our planet, the in- 
crease and decrease in the obliquity of the ecliptic is the con- 
sequence of the variable position of all the planets. At the 
present time, these are so situated that their united influence 
upon the Earth's orbit produces a diminution in the obliquity 
of tho ecliptic. This obliquity amounts, according to Bessol, 
to 0''*457 auuuallv. At tho cud of many thousand years, tho 
situation of the planetary orbits and their nodes (their points 
of intersection with the ecliptic) will be so dilTerent, that the 
advance of the equinoxes will be converted into a retrogres- 
sion, and consequently an increase in the obliquity of the eclip- 
tic. Theory teaches us that these increases and diminutions 
occupy periods of very unequal duration. The most ancient 
astronomical observations which have come down to us, with 
accurate numerical data, reach back to the year 1104 before 
Christ, and testify to the extreme antiquity of Chinese civil- 
ization. The literary remains are scarcely a century more 

* ** The slight and secular variation of the obliquity of the ecliptic 
presents alternating states, which produce an eternal oscillation com- 
prised within fixed limits. Theory has not been able to determine 
those limits ; but, according to the constitution of the planetary system, 
it has been proved that they exist, and that they are of very tligki ex- 
tent. Thus, to consider only the effect of the permanent causes which 
act upon tho system of the world, it may bo afurmcd that tho plane of 
the ecliptic never has and never will coincide with tho piano of tho 
equator, a phenomenon which, if it took place, would produce upon tho 
Earth the (pretended !) eternal spring. 
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recent, and a regulated calculation of time extends (accord- 
ing to Edward Biot) as far back as 2700 years before Christ.* 
Under the roign of Tscliou-Kung, the brother of Wu-Wang, 
the meridian shadows wore mcusurod in two solstices, upon 
an eight-foot gnomon, in the town of Layang, south of the 
Yellow Iliver (the town is now called Ho-nan-fu, and is in 
the province of Ho-nan), in a latitude of 34^ 46'.t These 
measurements gave the obliquity of the ecliptic as 23^ 54' ; 
that is, 27' greater than it was in 1850. The observations 
of Pytheas and Eratosthenes at Marseilles and Alexandria are 
six and seven centuries later. We possess the results of four 
observations of the obliquity of the ecliptic previous to our era, 
and seven subsequent, up to Ulugh Bag's observations at the 
observatory of Samarcand. The theory of Laplace corresponds 
sometimes in plus, sometimes in minus, in an admirable man- 
ner with the observations made during a period of nearly 3000 
years. The knowledge transmitted to us of Tscheu-Kung's 
measurement of the shadow-length is so much the more for- 
tunate, as the manuscript which mentions it escaped, from 
some uukuoWn cause, tho fanatical destruction of books com- 
manded by the Emperor Schi-hoang-ti of the Tsin dynasty, in 
the year 246 before Christ. Since the commencement of the 
fourth Egyptian dynasty with the Kings Chufu, Schafra, and 
Menkera — ^the builders of the Pyramids — falls, according to 
Lepsius, twenty-three centuries before tho solstitial observa- 
tion at Layang, it is indeed very probable, from the high de- 
gree of civilization of tho Egyptian people and their early 
regulation of a calendar, that even at that time the length 
of shadows had been measured in tho valley of tho Nile ; but 
no knowledge of this has come down to us. Even the Peru- 
vians, although less advanced in the perfection of calendars 
and intercalations than the Muyscas (mountain inhabitants 
of New Granada) and the Mexicans were, possessed gno- 
mons, surrounded by a circle marked upon a very level sur- 
face. They stood in several parts of the empire, as well as 
in the great temple of the Sun at Cuzco ; the gnomon at 
Cluito, situated almost under the equator, was held in great- 
er veneration than the others, and crowned with flowers upon 
the equinoctial feasts4 

* Cotmot, vol. ii., p. 114, 115, and notes. 

t Laplace, Expog, du Syttdtne du Monde, 5th ed., p. 303, 345, 403, 
406, and 408; the same in the Connaittance des Tempt for 1811, p. 386 
Biot, Trails Elem* d*Attron* Physique, torn, i., p. 61 ; torn, iv., p. 90-99 
and 614-633. 

t Gkircilaso, Comment, Realet, part i. lib. ii., cap. 22-25 ; Prescotc 
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9. Eccentricity of the Pldnetary Orbits, — ^The form of 
tho elliptical orbits is determined by the {greater or less dis- 
tance of the two foci from the center of the ellipse. This 
distance, or the eccentricity of the planetary orbits expressed 
in fractional parts of their half major axes, varies from 006 
in the orbit of Venus (consequently very near the circular 
form), and 0076 in that of Ceres, to 0*205 and 0*255 in 
those of Mercury! and Juno. Next in succession- to the least 
eccentric orbits of Venus and Neptune follows that of the 
Earth, whose eccentricity is now decreasing at the rate of 
about 000004299 in 100 years, while the minor axis in- 
creases ; then come the orbits of Uranus, Jupiter, Saturn, 
Geres, Egeria, Vesta, and Mars. The most eccentric orbits 
are those of Juno (0-255), Pallas (0*239), Iris (0*232), Vic- 
toria (0-217), Mercury (0*205), and Hebe (0202). The ec- 
centricity is on the increase in the orbits of some planets, as 
Mercury, Mars, and Jupiter; on the decrease in those of 
others, as Venus, the Earth, Saturn, and Uranus. The fol- 
lowing table gives the eccentricities of the large planets for 
the year 1800, according to Hansen. The eccentricities of 
the fourteen small planets will bo given subsequently, to- 
gether with other elements of their orbits for the middle of 
file nineteenth century. 

Iliit, of the Conquest of Peru, vol. i., p. 120. TIio Moxicnnn iviMcnFrd 
among tlioir twqiity liton>fi1ypUionl iiigiii oftlio diwi, otic liultl in o<i[h)* 
ctal vonoration, caUed OlUntonatiuk, that of tho four movemenit of the 
Sun, 'whicH governed the great cycloj renewed every 52=4 X 13 years, 
and referred to the course of the Sun intersecting the solstices and emit- 
noxes, and hieroglyphically expressed by foot-ttept. In the bcautiuil- 
ly-painted illuminated Aztec manuscript, which was formerly preserved 
in the villa of Cardinal Borgia at Veletri, and from which I derived 
much important information, there is the remarkable astrological sign 
of a cross. The day-signs, which are written on the margin by its side, 
would perfectly represent the passage of the Sun through the zenith of 
the town of Mexico (Tenochtitlan V the equator, and the solstitial points, 
if the points (round disks), addea to the day-ngm on account of the 
periodic series, were equally complete in all three passnges of the Sun. 
( Humboldt, V«c$ dc$ CordWirei, ]>l. xxxvii., No. 8, p. ICA, 189, and 237.) 
The King of Tezcuco, Nezahunlpilli (called a fast child, because his fa- 
ther fiisted for a long tirao previously to the birth of the wished-for 
son), who was passionately given to astronomical observations, erected 
a building which Torquemada rather venturously calls an obtervatorf, 
and tlie ruins of which he saw. {Monarquia Indiana, lib. ii., cap. 64.) 
In the RaecoUa di Mendoza, we find a priest represented ( Vue§ dea 
Cordilllrtn, pl. Iviii., No. 8, p. 289), who is watchmg tho stars, which 
is expressed by a dotted line which passes from tho observed star to hk 
eye. 
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Mercury 0*2056163 

Venus 00068618 

Earth 00167922 

Mars 00932166 



Jupitoi 00481621 

Saturn 00561505 

Uranus 00466108 

Neptune 000871946 



The motion of the major axis {line of apsides) of the 
planetary orbits, by which the place of the perihelion is 
changed, is a motion which goes on perpetually in one di- 
rection, and proportionally to the time. It is a change in 
the position of the major axis, which requires more than a 
hundred thousand years to complete its cycle, and is to be 
distinguished as essentially different from » those alterations 
which the planetary orbits undergo in iheitform — ^their el- 
lipticity. The question has been raised as to whether the 
increasing value of this ellipticity is capable, during thou- 
sands of years, of modifying, to any considerable extent, the 
temperature of the Earth, in reference to the daily and an- 
nual quantity and distribution of heat ? Whether a partial 
solution of the groat geological problem of the imbedding of 
tropical vegetable and animal remains in the now cold zones 
may not bo found, in theso astronomical causes, proceeding 
regularly in accordance with eternal laws? The same 
mathematical arguments which excite apprehensions as tiv 
the position of the apsides, the form of the elliptical planet 
ary orbits (according as these approach the circular form oi 
a cometary eccentricity), as to the inclination of the planet- 
ary axes, changes in the obliquity of the ecliptic, the influ- 
ence of precession upon the lengtn of the year, also afibrd, 
in their higher analytical development, cosmical grounds for 
reassurance. The major acces and the masses are constant. 
Periodic recurrence hinders tlie unlimited augmentation 
of certain perturbations. In consequence of the mutual, and, 
at the same time, compensating influence of Jupiter and Sat- 
urn, the eccentricities of their orbits, in themselves slight, 
are alternately in a state of increase and decrease, and are 
also comprised within fixed, and, for the most part, narrow 
limits. 

The point in which the Earth is nearest to the Sun falls in 
very diflerent periods of the year, in consequence of the al- 
teration in the position of the major axis.* If the perihelion 
falls at the present time on the first day of January, and tho 

* John Herschel, on the A$tron<mical Cauia which may it\flueme0 
Oeologieal Phenomena^ in the Trant€tci. of the Oeolog, Soc* of London 
2d senos, vol. iii., pi. i., p. 298 ; the same in his Treatise on Atlronomy 
1833. (Cab, Cyclop,, vol. zliii., $ 315.) 
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aphelion six months afterward, upon the first day of July, it 
may hapjpen, on account of the advance (turning) of the 
major axis of the Earth's orbit, that the minimum may oc- 
Qur in summer and the maximum in vrinter, so that in Jan« 
uary the Earth would be farther from the Sun than in the 
summer by about 2,800,000 geographical miles (». e., about 
/^th of the mean distance of the Earth from the Sun). It 
might, at the first glance, be supposed that the occurrence 
of the periJidion at an opposite time of the year (instead of 
the winter, as is now the case, in summer) must necessarily 
produce great climatic variations ; but, on the above suppo- 
sition, the Sun will no longer remain seven days longer in 
the northern hemisphere ; no longer, as is now the case, 
traverse that part of the ecliptic from the autumnal equinox 
to the vernal equinox, in a space of time which is one week 
shorter than that in which it traverses the other half of its 
orbit from the vernal to the autumnal equinox. The difier- 
ence of temperature which is considered as the consequence 
to be apprehended from the turning of the major axis (and 
we refer here merely to the astronomical climates, excluding 
all considerations as to the relations of the solid and liquid 
portion of the many-formed surface of the Earth) will, on the 
whole, disappear,* principally from the circumstance that 
the point of our planet's orbit in which it is nearest to the 
Sun is at the same time always that ovor which it passes 
with the greatest vdocity. The reassuring solution of this 
problem is to a certain extent contained in the beautiful law 
first pointed out by Lambort,t according to which the quan- 
tity of heat which the Earth receives from the Sun in each 
part of the year is' proportional to the angle which the radius 
vector of the Sun describes during the same period. 

* Arago, lu'the Annuaire for 1834, p. 199. 

t " 11 s'eusuit (du tb6or6mo j\t k Lambert) quo la qnnnttt^ do cbn 
lour onvoyiSo par lo Soleil k la Torre est la ni6nie on allant do r6qui- 
noxe dtt printomps k l'6quinoxe d'automne (jn'on rovonant de celui-oi an 
premier. Le temps plus long que le Soloil omploio dans le premier 
tnuet, est exactement compensd par son 61oi^ement anssi plus grand ; 
et les qnantit68 de choleur qu'il envoie k la Terre, sont les m^mes pen- 
dant ^n'il se trouve dans I'un ou Tautre hemisphere, bor6al on austral." 
^Poisson, 8ur la StabilUi du Syttime Planitaire, Connaittanee de* 
Tempt for 1836, p. 54. *' It follows, from the theorem of Lambert, that 
the quantity of heat which is conveyed by the Sun to the Earth is the 
■ame during the passage from the vernal to the autumnal equinox os in 
returning from the latter to the former. The much longer time which 
the Sun takes in the first part of its course is exoctl^f compensated by 
its proportionately greater distance, and the quantities 6f heat whioo 

F 2 
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As the altered position of the major axis is capable of ex- 
erting only a very slight influence upon the temperature of 
the Earth, so likewise the limits of the probable changes in 
the elliptical form of the Earth's orbit are, according to Arago 
and Foisson,* so narrow that these changes could only very 
slightly modify the climates of the individual zones, and that 
in very long periods. Although the analyses which determ- 
ine these hmits accurately is not yet quite completed, still so 
much, at least, follows from it, that the eccentricity of the 
Earth's orbit will never equal those of the orbits of Juno, 
Pallas, and Victoria. 

10. hvtensity of the lAgkt of the Sun upon the Planets. 
— If the intensity of light upon the Earth is taken as =1, 
it will be found to be upon the other planets as follows * 



Mercury .... C*674 

Venus 1-911 

Mars 0*431 

Pallas 0130 



Jupiter 0036 

Saturn 0011 

Uranus 0003 

Neptune . . . 0001 

In consequence of the very great eccentricity of their orb- 
its, the intensity of light on the following planets varies in 

Mercury, in perihelion, 10*58 ; in aphelion, 4*59 ; 
Mars ** " 0*52; " " 0*36; 

Juno " " 0*25; " " 009; 

while the Earth, owing to the slight eccentricity of its orbits, 
has in perihelion 1*034, and in aphelion 0*967. If the sun 
light upon Mercury is seven times more intense than upon the 
Earth, it must also be 368 times more feeble upon Uranus. 
The relations of heat have not been mentioned here, because 
they are complicated phenomena, dependent upon the exist- 
ence or non-existence of an atmosphere surrounding the plan- 
it conveys to the Earth are the same while in the one hemisphere or 
the other, north or south." 

* Arago, op. eU,, p. 300-204. ** L'excentricit^/* says Poisson (op, 
eii., p. 38 and 52), **.aYant toujonrs 6t6 et devant toajonrs demeurer 
tr6s petite, Vinfluonce uos vorii^ions s^ulatras do la quantity do chaleur 
Bolairo ro^uo par la Torro sur la toiiip6raturo moycniio inirait aussi de- 
voir 6tre tres limit^e. On no saurait admettre quo rozceulricit^ de la 
Terre, qui est actuellement environ un soixantidme, ait jamais 6t6 on 
devienue jamais un quart, comme celle de Junon ou de Pallas." '* As 
the eccentricity always has been, and always will be, very small, tha 
influence of the secular variations of the quantity of solar heat received 
by the Barth upon the mean temperature would appear also to be very 
limited. It can not be admitted that the eccentricity- of the Earth, 
which is actually about ^^, has ever been, or ever will be J-, as that 
of Jono or Pallas." 
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ets, its constitution, and height. I will merely call to mind 
here the conjecture of Sir John Herschel, as to the temper- 
ature of the Moon's surface, " which must necessarily he very 
much heated — ^ssibly to a degree much exceeding that of 
boiling water."* 

b, SECONDARY PLANETS. 

The general comparative considerations relating to the 
secondary planets have already been given with some com- 
pleteness in the delineations of nature {Cosmos, vol. i., p. 
94-98). At that time (March, 1845) there were only 11 
principal and 18 secondary planets known. Of the asteroids 
so called telescopic, or smaU planets, only four were discov 
ered : Geres, Pallas, Juno, and Vesta. At the present time 
(August, 1851), the number of the ^principal planets exceeds 
that of the satellites. We are acquainted with 22 of the for 
mor and 21 of the latter. After an intermission of thirty- 
eight years in planetary discoveries (from 1807, to December, 
1845), commenced a long series of ten new small planets, 
with Astrea, discovered by Hencke. Of these, two (Astrea 
and Hebe) were first detected by Hencke at Driesoni four 
(Iris, Flora, nVictoria, and Irene) by Hind in London, one (Me- 
tis) by Graham at Markree Castle, and three (Hygeia, Far- 
thenopo, and Egeria) by De Gasparis at Naples. The dis- 
covery of the outermost of all tlio large planets, Neptune, an- 
nounced by Loverrier, and found by Galle at Berlin, followed 
ten months aflor Astrea. The discoveries now accumulate 
with such rapidity, that the topography of the solar regions 
appears, aflcr the lapse of a few years, quite as antiquated as 
statistical descriptions of countries. 

Of the 21 satellites now known, one belongs to the Earth, 
four to Jupiter, eight to Saturn (the last discovered of these 
eight is, according to distance, the seventh, Hyperion ; discov- 
ered in two diflbrent places at the same time by Bond and 
Lassell), six to Uranus (of which the second and fourth are 
most positively determined), and two to Neptune. 

The satellites revolving round the principal planets con- 
stitute subordinate systems, in which the principal planets 
take the place of central bodies, forming individual regions 
of very diflbrent dimensions, in which the great solar region 
is, as it were, repeated in miniature. According to our pres- 
ent knowledge, the region of Jupiter is 208,000 geographical 
miles in diameter, and that of Saturn 4,200,000. In Galileo's 

* Outlines, $ 433. 
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time, when the expression of a small Jovial world {Mundui . 
Joviidis) was frequently made use of, these analogies between 
the subordinate systems and the solar system contributed 
much to the more rapid and general dlHusion of the Goper- 
nican system of the world. They suggest the repetitions oi 
form and position which is so frequently presented by organio 
nature in subordinate spheres. 

The distribution of the satellites in the solar regions is so 
unequal, that while the proportion of the moonless principal 
planets to those which are accompanied by Moons is as 3 to 
5, the latter belong, with the single exception of one, the 
Earth, to the eocterior planetary groups, situated beyond the 
ring of the asteroids with interlacing orbits. The only satel- 
lite which has been formed in the group of interior planets 
between the Sun and the asteroids, the Earth's Moon, has 
a remarkably large diameter in proportion to that of its pri- 
mary. This proportion is ^Ij ; while the largest of Saturn's 
sateUites (the sixth. Titan) is perhaps only 7^.7, and the larg- 
est of Jupiter's satellites, the third, -^^.j of the diameter of 
their primaries. A wide distinction must bo drawn between 
this consideration of a relative magnitude and that of an ab- 
solute magnitude. The Earth's Moon, relatively so laige 
(1816 miles in diameter), is absolutely smaller than all four 
of Jupiter's satellites (3104, 2654, 2116, and 1900 miles in 
diameter). The sixth satellite of Saturn differs very little in 
magnitude from Mars (3568 miles).^ If the problem of tel- 
escopic visibility depended only upon the diameter, and was 
not, at the same time, determined by the proximity of the 
disks of the primaries, the great distance and the nature of 
the reflecting surfaces, it would be necessary to consider as 
. the smallest of the secondary planets the first and second of 
Saturn's satellites (Mimas and Enceladus), and the two satel- 
lites of Uranus ; but it is safer to represent them merely as 
the smallest luminous points. It has hitherto appeared more 
certain that, upon the whole, the smallest of all planetary 
bodies (primaries and satellites) are to be found among the 
small planets.f 

The density of the satellites is by no means always less 
than that of their primaries, as is. the case with the Earth's 
Moon (whose density is only 0*619 of that of our Earth) and 

* OuUinet, $ 548. 

t See Mfidlor'0 attempt to estimate the diameter of Vesta (264 geo> 
graphical miles) with a thousaiid-fold magnifying power in His Atiro' 
momie, p. 218. 
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the third satellite of Jupiter. The densest of this group of 
satellites, the second, is even denser than Jupiter himself, 
while the third and largest appears to be of ^^t^aZ density 
with the primary. The masses also do not increase in at all 
the same ratio as the distances. If the planets have been 
formed from revolving rings, then the greater or less dense 
aggregation round a nucleus must have been caused by pe- 
culiar causes, which may, perhaps, always remain unknown 
to us. 

The orbits of the secondary planets which belong to the 
same group have very different degrees of eccentricity. In 
the Jovial system, the orbits of the first and second satellites 
are nearly circular, while the eccentricities of those of the 
third and fourth satellites amount to 0*0013 and 0*0072. In 
the Saturnian system, the orbit of the satellite nearest to the 
primary (Mimas) is considerably more eccentric than the orb- 
its of Enceladus and Titan, the largest and first discovered, 
whose orbit was so accurately determined by Bessel. The 
eccentricity of the orbit of the sixth satellite of Saturn is only 
0*02922. According to all these data, which are among those 
that may be relied upon, Mimas only is more eccentric than 
the Earth's Moon (0 5484) ; the latter possesses the pecul- 
iaritv that its orbit round the Earth has a greater eccentric- 
ity, m comparison with that of its primary, than any other 
satollito. Mimas rovolvos nnmd Saturn in an orbit whoso 
eccentricity is O'OGS, while that of tho orbit of its primary is 
0*056 ; but the orbit of our Moon has an eccentricity of 0*054, 
while the eccentricity of that of tho Earth is only ' 1 G. With 
regard to the distances of the satellites from their primaries, 
compare Cosmos, vol. i., p. 94-98. The distance of the sat- 
eUite nearest to Saturn (Mimas) is now no longer taken as 
80,088 geographical miles, but as 102,400 ; whence its dis- 
tance from the ring, this being calculated as 24,188 miles 
broad, and at a distance of 18,376 miles from the surface of 
the planet, will bo 28,000 miles. "^^ Remarkable anomalies, 
together with a certain correspondence, are also presented in 
the position of the orbits of the satellites in the Jovial sys- 
tem, in which very nearly all the satellites move in the plane 
of the equator of their primary. In the group of Saturnian 
satellites, seven of them revolve almost in the plane of the 
ring, while the outermost (the eighth, Japetus) is inclined to- 
wa^ their plane 12^ 14'. 

* In the earlier data {Co9mo9, vol. i., p. 97) the eqaatorial diametot 
was taken an a basis. 
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In thii general oonBideration of the planetary revolntions 
in the universe, we have descended from the higher — ^though 
probably not the highest* systom — from that of the Sun to 
tho subordinate partial systems of Jupiter, Saturn, Uranus, 
and Neptune. In the same way that, from the striving to- 
ward generalization of views, which is innate in thoughtful, 
and, at the same time, imaginative men, tho unsatisfied cos- 
mical presentiment of a tnmslatory motionf of our solar sys- 
tem through space appears to suggest the idea of a higher 
relation and subordination, so the possibility has been con- 
ceived that the satellites of Jupiter may be again central 
bodies to other secondary ones, which, on account of their 
smaUness, are unseen. In that case, the individual mem 
hers of the partial systems, which are chiefly situated among 
the group of exterior principal planets, would have other and 
similar partial systems subordinate to them. Repetitions of 
form in recurring organizations, as well as tho sclfcreatod 
images of the fancy, are certainly pleasing to a systematie 
mind ; but in every serious investigation, it is imperatively 
nocossary to distiiiguisli botwoou tho ideal and the actual 
Cosmos — ^between the possible, and that which has been dis- 
covered by actual observation. 



SPECIAL ENUMERATION OF THE PLANETS AND THEIR MOONS, AS 

PARTS OF THE SOLAR SYSTEM. 

It is, as I have already often remarked, the especial object 
of a physical description of the fvorld to bring together all 
the important and well-established numerical results which 
have been obtained in the domain cither of sidereal or ter 
restrial phenomena up to the middle of the nineteenth cen 
tury. All that has form and motion should here be repre 
sented as something already created^ existing^ and definite 
The grounds upon which the obtained numerical results ai 
founded ; the cosmological conjectures respecting genetic de 
vehpmentf which during thousands of years have been called 
into existence by the ever-changing conditions of mechanical 
and physical knowledge — ^these do not, in the strictest sense 
of the word, come wiUiin the range of empirical investiga* 
tion. (CosmoSt vol. i., p. 47-49, 71, and 83.) 

* Compare Cotmotf vol. Hi., p. 196. 

t I havo fully treated of tbe translatory motion of the Sun in the de- 
lineation of nature. (Cotmc$t vol. i., p. 14^149. Compare alao voL 
lii., p. 184.) 
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The Sun. 



Whatoveir relates to the dimensionB, or to the present views 
as to the physical constitution of the central hody, has been 
already given. {Cosmos, vol. iv., p. 59-88.) It only re- 
mains to add in this place some remarks, according to the 
most recent observations, upon the red Jigures and masses 
of red cUmds, which were specially treated of at page 70. 
The important phenomena which the total eclipse oi the Sun 
of July 28, 1851, presented in Eastern Europe, have still 
more strengthened the opinion put forward by Arago in 1842, 
that the red mountain, or cloud-Mke prof ections upon the edge 
of the eclipsed Sun, belong to the outermost gaseous envelope 
of the central body."*^ These projections became visible on the 
Moon's western edge as it proceeded in its motion toward the 
east {Annuaire du Bureau des Longitudes for 1842, p. 457), 
and disappeared again when they were covered on the oppo- 
site by the eastern edge of the Moon. 

On a subsequent occasion, the intensity of the light of these 
projections became so considerable, that they could bo per- 
ceived within the corona through telescopes, when veiled by 
their clouds, and even with the naked eye. 

The form of some of the projections, which were mostly 
ruby or peach-colored, changed with perceptible rapidity dur- 
ing the total obscuration ; one of these projections appeared to 
be curved at its summit, and presented to many observers the 
appearanco of a freely-suspended detached ctoud\ near the 
point, and resembling a column of smoke curved back at the 
top. The height of most of these projections was estimated 
at from 1' to 2' ; at one point it is said to have been more. 
Besides these tap-formed projections, from three to five of 
which were counted, there wore also observed ribbon-like 
streaks of a carmine color, extended lengthways, which ap- 
peared to rest upon the Moon, and' were often serrated.^ 

* Cosmotf vol. iv., p. 70, note t and $, and p. 79. 

t Compare the observations of the Swedish mathematician, Bigems 
Vassenins, at Gottenbnrg, during the total eclipse of May 2, 1733, an(l 
the commentary npon them by Arago, in the Annuaire du Bureau dee 
Longitudes for 1846, p. 441 and 462. Dr. Galle, who observed on the 
€^th of July at Frauenbure, saw "the freely-suspended cloud connect- 
ed with tlie curved, hook-iormod gibbosity by throo or more threads.*' 

t Compare what a very export observer, Captain B6rard, saw at Tou- 
lon upon the 8th of July, 1842. " II vit une bande rouge tres minco 
dentel6e irr6gult6rement." (Annuaire du Bureau des Longihtdes, p 
4 IG.) " He saw a very narrow rod band irregularly torratod.'* 
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That part of the Moon's edge which was not projected 
upon the Sun's disk again became perceptible, especially 
during the ogress.* 

A group of Sun-spots was visible, though some minutes 
distant from the edge of the Sun, where the largest red, 
hook-formed projection was developed. On the opposite side, 
not far from the feeble eastern projection, there was also a 
Sun-spot near the edge. It is scarcely possible that these 
funnel-shaped depressions can have furnished the material 
constituting the rod gaseous exhalations, on account of the 
distance above mentioned ; but as the whole surface of the 
Sun appears to be covered with pores, perhaps the most 
probable conjecture is, that the same emanation of vapor and 
gas, which, rising from the body of the Sim, forms Uie fun- 
nels,! pours through these, which appear to us as Sun-spots 

* This outliae of the Moon, clearly perceived by four observers dar- 
ing tlie total oclinse of the Sun on the 8th of July, 1842, was never pre- 
vioi^sl^ir describea as having been seen during similar eclipses. The 
possibility of seeing an exterior outline appears to depend upon the 




'image 

se forme, 11 n*y a que la lumi^re provenant de Tatmosph^re terrestre. 
La Lune ne fuumit rien de sensible, et, semblablo k un 6cran, elle ar- 
r6te tout ce qui provient de plus loin et lui correspond. En dehors de 
cetto image, et pr6cis6ment a partir de son bord, le champ est 6c]a\r6 
a la foit par la lumi^ro de I'atmosphdre terrestre ot par lu lumUre de 
Vatmotphire tolaire. Supposons que ces deux lumidres r^unies formont 
un total plus fort de J^ quo la lumi^re atmosph6rique terrestre, ot, dds 
ce moment, le bord do la Lane sera visible. Oe genro de vision pent 




dea Longitudes f p. 384. /' The Moon is projected partially upon the at- 
mosphere of the Sun. In that portion of the telescope where the image 
of the Moon is formed, no other light enters except that of the terres- 
trial atmosphere. The Moon gives no sensible light, and, like a screen, 
it stops all that which comes from beyond ami corresponds with it. 
Outside the image, and immediately round its edge, the field is lighted 
iimullaneouily by the light of tlie terrestrial atmosphere and by that of 
the tolar atmotphere. If we suppose that these two lights collectiveiy 
are ^ stronger than the light of the terrestrial atmosphere, the Moon's 
edge will be directl;^ visible. This kind of vision may be designated 
a negative mtion, for it is, in fact, by the lett intennty of that portion q^ 
the field of the telescope in which is the image of the Moon, that the 
outline of this image is perceptible. If this image were more intense 
than the remaining jmrt of the field, the vision would be positive." 
(Compare also, on this subject, Cosmot, vol. ii}., p. 5G, note *.) 
* Coimoe, vol. iv., p. G3-G7 
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or tmallor pores, and, when illuminated, present the appear- 
ance of rod columns of vapor, and clouds of various forms in 
the third envelope of the Sun. 

MERouav. 

When it is rememhered how much the Egyptians* occu- 
pied themselves with the planet Mercury (Set-Horus), and 
the Indians with their Buddha,t since the earliest times ; 
how, under the clear heaven of Western Arahia, the star- 
worship of the race of the Aseditesf was exclusively directed 
to Mercury ; and, moreover, that Ptolemy was ahle, in the 
19 th book of the AJtfuigest, to make use of fourteen observa- 
tions of this planet, which reach back to 261 years before 
our era, and partly belong to the Chaldeans,} it is certainly 
astonishing that Gopcmieus, who had reached his seventieth 
year, should havo lamented, when on his doath-bod, that with 
all his endeavors, ho had never seen Mercury. Still the 
Greeksll justly characterized this planet by the name of 
'{arlXdcjv) the sparkling, on account of its occasionally very 
intense light. It presents phases (variable form of the illu- 
minated part of the disk) the same as Venus, and, like the 
latter, appears to us as a morning and evening star. 

Mercury is, iti his mean distance, little more than 32 mill- 
ions of geographical miles from the Sun, exactly 0'38709d8 
parts, of the mean distance of the Earth from tlio Sun. On 
account of the groat eccentricity of its orbit (0*20(IG1G3V tho 
distance of Meicury from the Sun in perihelion is 25 millions, 
in aphelion 40 millions of miles. He completes his revolu- 
tion round the Sun in 87 mean terrestrial days and 23h. 
15m. 46s. Schroter and Harding have estimated the rota- 
tion at 24h. 5m. from the uncertain observation of the form 
of the southern cusp of the crescent, and from the discovery 
of a dark streak, which was darkest toward the cast. 

According to BesseFs determination on the occasion of the 
transit of Mercury on Mav 5, 1832, the true diameter amounts 
to 2684 geographical miles,l i. e., 0*391 parts of the Earth's 
diameter. 

* Lepsiua, Chronologie der jEgypter, th. i., p. 92-96. 

t Cotmotf vol. iv., p. 93, note f, p. 92. f Ibid., vol. ii., p. 221. 

$ LalaDde, in the Mim. de VAead, det Seieneet for 1766, p. 498 ; De- 
kunbre, Hutoire de VAttron. Andenne, torn, ii., p. 320. 

I Cotmot, vol. iVif p. 93. 

1 On the occasion of the transit of Mercury on the 4th of May, 1832, 
MSdler and William Beer (Beitrdge zur Phy$, KtmUnUi der himm^ 
Ueektn Kdrfer, 1841, p. 145) ibond the diameter of Mercnry 2332 miles , 
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The mass of Mereury was detennined by Lagrange upon 
very bold assumptions as to the reciprocity of the relations of 
distances and densities. A means of improving this element 
was first afibrded by JEncke*s Comet of short period of rev- 
olution. . The mass of this planet was fixed by Encke at 
TiriTTT o£itiQ Sun's mass, or about y^.^ of the Earth's. La- 
place* gave the mass of Mercury as f ^tI^tt according to La- 
grange ; but the true mass is only -^ of that assigned by La- 
grange. By this correction, also, the previous hypothesis of 
the rapid increase of density in the planets, in proportion as 
they were nearer to the Sun, was disproved. Yifhen, with 
Hansen, the material contents of Mercury are assimied to be 
yj^y those of the Earth, the resulting density of Mereury is 
1*22. ** These determinations," adds my friend, the author 
of them, ** are to be considered only as first attempts, which, 
nevertheless, come mu6h nearer the truth than the numbers 
assumed by Laplace." Ton years ago the density of Mer- 
cury was taken as nearly throe times greater than the dens- 
ity of the Earth— as 256 or 2-94, when the Earth =100. 

Venus. 

The mean distance of this planet from the Sun, expressed 
in fractional parts of the Earth's distance from the Sun, t. «., 
60 million geographical miles, is 0*7233317. The period of 
its sidereal, or true revolution, is 224 days, 16h. 49m. 7s. 
No principal planet comes so near the Earth as Venus. She 
can approach the Earth to within a distance of 21,000,000 
miles, but can also recede from it to a distance of 144,000,000 
miles. This is the reason of the great variability of her ap- 

but in the edition of the AtCronomie of 1849, Madler has given the pref- 
erence to Bessers result. 

* Laplace, Exposition du Syit, du Monde, 1824, p. 209. The cele- 
brated author admits, however, that in the determination of the mass 
of Mercury, he founded his opinion upon the ** hypoth^se tr^s prteaire 
qui suppose les densit6s de Mercure et de la Terre r^iproques k leur 
moyenne distance du Soleil." " The very precarious hypothesis which 
supposes the densities of Mercury and the Earth reciprocal to their moan 
disiunco from the Sun.'' I have not considurud it uccessui'V to mention 
either the cliaiu of mountains, G1,82G fuet in height, which Schr5ter 
states that he saw upon the disk of Mercury and measured, and which 
Kaiser {Stemenhimmel, 1850, $ 57) doubts the existence of, or the vis 
ibility of an atmosphere round Mercury during his transit over the Snn. 
asserted by Lemonnier and Messier (Delambre, HisL de VAUronomU 
au dixhuUUme eUele, p. 222), or the temporary darkening of the surface 
of the planet On the occasion of the transit which I observed in Peru 
on the 8th of November, 1802, I very closely examined tlie outline of 
the planet during the egress, but observed no indications of an envelope 
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Sarent diameter, which by no means alone detcnnines thti 
egree of brilliancy.* The eccentricity of the orbit of Venus 
expressed, as in aU cases, in fractional parts of half the major 
axes, is only 000686182. The diameter of this planet is 
6776 geographical miles; the mass xvtWjv* ^^® material 
contents 0*957, and the density 0*94 in comparison to the 
Earth. 

Of the transits of tho two inferior planets first announced 
by Koplor after tho appearance of his Iludolphino tables, 
that of Ycnus is of most importance for the theory of the 
whole planetary system, on account of the determination of 
the Sun*s parallax, and the distance of the Earth from the 
Sun deduced from the latter. According to Encke's thor- 
ough investigation of the transit of Venus in 1769, the Sun's 
parallax is 8"-57116. {Berliner Jahrbuch for 1862, p. 323.) 
A new examination of the Sun*8 parallax has been under- 
taken since 1849, by command of the government of the 
United States, at the suggestion of Professor Gerling of Mar- ^ 
burg. The parallax is to be obtained by means of observa- 
tions of Venus near the eastern and western stationary points, 
as well as by micrometer measurements of the differences in 
the right ascension and declination of well-determined fixed 
stars in very different latitudes and longitttdes, (Schum., 
AUr. Nachr., No. 699, p. 363, and No. 613, p. 193.^ The 
astronomical expedition, under the command of the learned 
Lieutenant Gilliss, has proceeded to Santiago in Chili. '' 

The rotation of Venus was long subject to groat doubt. 
Dominique Oassini, 1669, and Jacques Oassini, 1732, found 

* '' That point of the orbit of Venus in which she can appear to as 
with the brightest light, so that she may be seen at noon even with the 
naked eye, lies between the inferior conjunction and the greatest di- 
gression, near the latter, and near the distance of i(P from the Sun, or 
from the place of the inferior conjunction. On the average, Venus ap- 
pears with the finest light when distant 40^ east or west from tho Sun, 
m which case her apparent diameter (which in the inferior cuniuiiction 
can increase to 6G'^) is only 40", and the greatest breadth of her illu- 
minated phase measures scarcely 10". The degree of proximity to the 
Earth then gives the small luminous crescent such an intense light, that 
it throws shadows in the absence of the Sun." — Littrow, TkeoretUehe 
Atlronomiet 1834, th. ii., p. 68. Whether Oopemicus predicted the ne 
cessity of a futi:|re discovery of the phases of Venus, as is asserted in 
Smith's Optiet, sec. 1050, and repeatedly in many other works, has re- 
cently become altogether doubtful, from Professor de Morgan's strict 
examination of the work De RevoltUionibutf as it has come down to us. 
—See the letter from Adams to the Rev. R. Main, on the 7th of Sep- 
tember, 1846, in the Report of the Royal Aitronomie€U Society, vol. vii.. 
No. 9, p. 142. (Compare also Coemot, vol. ii., p. 325.) . 
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it 23h. 20m., while Bianchini* of Rome, 1726, assumed the 
slow rotation of 24} days. More accurate observations by De 
Vico, from 1840 to 1842, afford, by moans of a great number 
of spots upon Venus, as the mean value of her period of ro- 
tation, 23h. 21' 21"-93. 

These spots are not very distinct, and are mostly vanable ; 
they seldom appear at the boundary of the separation be- 
tween light and shadow in the crescent-shaped phase of the 
planet, and both the Herschels, father and son, are conse- 
quently of opinion that they do not belong to the solid sur- 
face of the planet, but more probably to an atmosphere.f 
The changeable form of the horns of the crescent, especially 
the southern, has been taken advantage of by La Hire, 
Schroter, and Madler, partly for the estimation of the height 
of mountains, partly and more especially for the determina- 
tion of the rotation. The phenomena of this changeability 
are of such a nature that they do not require for their ex- 
planation the assumption of the existence of inountaiu- 
poaks, twenty geographical miles in height (121,520 foot), 
as Schrutor of LilionUiul stulod, but inoruly elevations liko 
those which our planet presents in both continents.^ With 
the little that we know with certainty of the appearance of 
the surfaces of the planets near the Sim, Mercury, and Ve- 
nus, and their physical constitution^ the phenomenon of an 
ash-colored light, sometimes observed in the dark parts, and 

* Delambre, Hitt, de VAttron, an dixhuUiime tiiele, p. 956-S58. The 
result obtained by Bianchini was supported by Husse^r and Flaugergnes; 
Hansen also, whose authority is justly so great, considered it to.be the 
more probable until 1836. (Schumachei'a Jahrbuck for 1837, p. 90.) 

t Arago, on the remarkable observation at Lilienthal on the 12th of 
August, 1700, in the Annuaire for 1842, p. 539. *' Oe qui favorise aussi 
la probability de I'existence d'une atmosphere qui enveloppe V^nus 
c'est le rdsultat optique obtenu par Temploi d'une lunette prismatique. 
L'intensit^ de la lumi^re de Vintlrieur du croissant est sensiblement 

Slus faible que celle des points situds dansla partie circulaire du disque 
e la planete.*' — ^Arago, Manuteriptt of 1847. ** That circumstance 
which also favors the probability of the existence of an atmosphere 
surrounding Vonus is the optical result obtained b^ employing a pris* 
matio teloscoiM). The intousity of the light of tho intonor of tlio cres- 
cent is sensibly weaker than that of the points situated iu tho circular 
part of the planet's disk." 

I Wilhelm Beer and Madler, Beitrdge zur Phytitchen Kenninist der 
HimmliiekeH Kdrper, p. 148. The so-called moon of Venus, which 
Fontana, Dominique Cassini, and Short declared that they bad seen, ft>r 
which Lambert calculated tables, and which was said to have been 
seen in the center of the Suu*s disk, full three hours afler tho egress of 
Venus, belongs to tho astronomical myths of an uncritical age. 
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mentioned by Ohristian lilayer, William Henohel,* and 
Harding, also remains exceedingly mysterious. It is not 
probable that at so great a distance the reflected light of the 
Barth should produce an ash-colored illumination upon Ye* 
nus as upon our Moon. Hitherto there has been no flatten- 
ing observed in the disks of the two inferior planets, Mercu- 
ry and Venus. 

The Eaeth. 

The mean distance of the Earth from the Sun is 12,032 
times greater than the diameter of the Earth ; therefore, 
82,728,000 geographical miles, uncertain as to about 
360,000 miles {j\^). The period of the sidereal revolution 
of the Earth round the Sun is 365d. 6h. 9' 10"-7496. The 
eccentricity of the Earth's orbit amounts to 001679226 ; its 
mass is tt^Vjt > ^^ density in relation to water, 5*44. Bes- 
sel's investigation of ten measurements of degrees gave for 
the flattening of the Earth TV^hij' ^^® length of a geo- 
graphical mile, sixty of which are contained in one equato- 
rial degree, 951,807 toises, and the equatorial and polar di- 
ameters, 6875*6 and 6852*4 geographical miles. {Costnos, 
vol. i., p. 65, note.) We restrict ourselves here to numerical 
data referring to the Earth's figure and motions : all that 
refers to its physical constitution is deferred until the con- 
cluding tenestrial portion of tlio Oosmos. 

The Moon of the Eaeth. 

The mean distance of the Moon from the Earth is 207,200 
geographical miles ; the period of sidereal revolution is 27d. 
7h. 43' ll"-5 ; the eccentricity of her orbit, 00548442 ; her 
diameter is 1816 geographical miles, nearly one fourth of 
the Earth's diameter ; her material contents j\ those of the 
Earth ; the mass of. the Moon is, according to Lindeman, 
jir9ir||- (according to Peters and Schidlofliky, -fj) of the mass 
of the Earth ; her density, 0*619, therefore nearly three fifths 
of the density of the Earth. The moon has no perceptible 
flattening, but an extremely slight prolongation on the side 
toward the Earth, estimated theoretically. The rotation of 
the Moon upon its axis is completed exactly in the same time 
in which it revolves round the Earth, and this is probably the 
ease with all other secondary planets. 

The sunlight reflected from the Moon is in all zones mora 

Pkilot. Trantaet.t 1795, vol. Ixxxvi., p. 214. 
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feeble than the sunlight which is reflected by a white olond 
in the daytime. When, in determining geographical longi- 
tudes, it 18 often necessary to take the distance of the Moon 
from the Sun, it is not unfrequently difficult to distinguish the 
Moon between the more intensely liuninous masses of cloud. 
Upon mountain-heights, which lie between 12,791 and 17,057 
feet above the level of the sea, and where, in the clear mount- 
ain air, only feathery cirri are to be soon in the sky, I found 
the detection of the Moon's disk was much more easy, be- 
cause the cirrus reflects loss sunlight on account of its loose 
texture, and the moonlight is less weakened by its passage 
through the rarer strata of air. The relative degree of in- 
tensity of the Sun's light to that of the full Moon deserves a 
new investigation, as Bouguer's universally received determ- 
ination, j^jf^s^t difiers so widely from the certainly less prob- 
able one of WoUaston, TiTTrVTV* 

The yellow moonlight appears white by day, because the 
blue strata of air through which wo see it presents'the com- 
plementary color to yoUow.t According to the numerous ob- 
servations which Arago made with his polariscopo, the moon- 
light contains polarized light ; it is most perceptible during 
the first quarter and in the gray spots of the Moon's surface ; 
for example, in the great, dark, sometimes rather greenish ele- 
vated plains, the so-called Mare Crisium, Such elevated 
plains are generally intersected by metallic veins, in whose 
polyhedric figure the surfaces are inclined at that angle 
which is necessary for the polarizjEttioii of the reflected sun- 
light. The dark tint of the surrounding space appears, in 
addition, to make the phenomenon still more obvious. With 
regard to the luminous central mountain of the group AriS' 
tarchuSt upon which it has been frequently erroneously sup- 
posed that volcanic action has been seen, it did not present 
any greater polarization of light than other parts of the Moon. 
In the full Moon no admixture of polarized light was observ- 

* CoitnoSf vol. iii., p. 95, and noto t. 

i '* La lumioro de la Lune est jaune, tandis que celle de y6nii8 est 
blanche. Pendant le jour la Lune parait blanche, parcequ'4 la lumiere 
du disque lunaire se mdle la lumioro bleue de cette partie de Patmo- 
sphere <yjie la lumiere jaune de la Lune traverse." — Arago, in HcnuUehr. 
of 1 847. ' * The light of the Moon is yellow, while that of Venus is white. 
The Moon appears white during the day, because the blue light of that 
part of the atmosphere which tne yellow light of the Moon traverses, 
mixes with the light of the lunar disk." Tlie most refrangible rays of 
the spectrum, from bluo to violet, unite with the loss refrangible, fn«iQ 
red to groon, to form white. {Cotmoif vol. iii., p. 208, noto *.) 
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able ; but during a total eclipso of the Moon (31lst of May, 
1848),Arago detected indubitable Bigns ofpolarizationinthe 
reddened disk of the Moon, the latter being a phenomenon of 
which we shall speak further on. {Comjptes Rendus, torn, 
xviii., p. 119.) 

That the moonlight is capable of producing heat^ is a dis* 
covery which belongs, like so many others of my celebrated 
friend Mclloni, to the most important and surprising of our 
century. Afler many fruitless attempts, from those of La 
Hire to the sagacious Forbes,* Melloni was fortunate enough 
to observe, by means of a lens {lentille d icheUons) of three 
feet in diameter, which was destined for the meteorological 
station on Vesuvius, the most satisfactory indications of an el- 
evation of temperature during difierent changes of the Moon. 
Mosotti-Lavagna and Belli, professors of the Universities of 
' Pisa and Favia, were witnesses of these experiments, which 
gave results differing in proportion to the age and altitude 
of the Moon. It had not at that time (Summer, 1848) been 
determined what the elevation of temperature produced by 
Melloni's thermoscope, expressed in fractional parts of the 
centigrade thermometer, amounted to.f 

* Forbes, On the Refraction and Polarization of Heat, in the Trano- 
act, of the Royal Society of Edinburghf vol. xiii., 1836, p. 131. 

t Lettre de M. Melloni h M, Arago iur la Puinanee ealorijique de la 
Lumiire de la Lnne, in the Comntet Rendut, torn, xxii., 184G, p. 541-544 
Coinpare also, on account of tue historical dato, the Jahretbericht der 
Phyticalitchen Oetelltchaft zu Berlin, bd. ii., p. 272. It hod always 
opficared suiBcicntly remarkable to me, that, from the earliest times, 
when heat was determined only by the sense of feeling, the Moon had 
Grst excited the idea that light and heat mi^ht be separated. Among 
the Indians the Moon was called, in Sanscrit, the King of the stars bf 
cold {'tttala, hima), also the coid-radiating (himdn^su), while the Sun 
was called a crecUor of heat (niddghakara). The spots open the Moon, 
in which Western nations supposed they discernea a face, represent, 
according to the Indian notion, a roebuck or a hare ; thence the San- 
scrit name of the Moon (mrigadhara), roebuck-bearer, or (*§a*iabhrit), 
hare-hearer, (SchOtz, Five Hymnt of the Bhatti-Kdvya, 1837, p. 19-23.) 
Among the Greeks it was complained ** that the suniight reflected from 
the Moon should lose all heat, so that only feeble remains of it were 
transmitted by her.*' (Plutarch, in the dialogue " De Facia qnm in 
OrbeLuna apparet, Aforalia," ed. Wyttenbach, tom. iv., Oxon., 1707, p. 
793.) In Macrobius (Comm. in Somniutn 8cip,, i., 19, ed. Lud. Janus, 
1848, p. 105) it is said, '' Luna speculi instar lumen quo illustratur . .^ . 
rursus emittit, nullum tamen ad nos proferentem sensum calorist quia 
Incis radius, cum ad nos de origine sua, id est de Sole, penrenit, nata* 
ram secum ignis de quo nascitnr devehit ; cum yero in Lunn corpus in* 
funditar et inde resnlendet, solam refundjt riaritatem, non calorem.*' 
The same in Macrobius, Satumal,, lib. yii , cap. 16, ed. Bipont, tom 
ii., p. 277. 
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The ash-gray light with which a part of iae Moon's disk 
shiaes when, some days before oi after the new Moon, she 
presents only a narrow crescent, illuminated by the Sun, is 
earth-light in the Moon, ** the reflection of a reflection.'* The 
less the Moon appears illuminated for the Earth, so much the 
more is the Earth luminous for the Moon. But our planet 
shines upon the Moon with an intensity 13^ times greater 
than the Moon upon the Earth ; and this light is sufficiently 
bright to become again poiceptiblo to us by a second reflec- 
tion. By means of the telescope, mountain-peaks are distin- 
guished in the asJi-gray light of the larger spots and isolated 
brightly-shining points, even when the disk is already more 
than half illuminated. "^^ Those phenomena become particu- 
larly striking between the tropics and upon the high mount- 
ain-plains of Cluito and Mexico. Since the time of Lambert 
and Schroter, the opinion has become prevalent that the ex- 
tremely varhible intensity of the ash-gray light of the Moon 
depends upon the greater or less degree of reflection of the 
sunlight which falls upon the Earth, according as it is reflect- 
ed from continuous continental masses, full of sandy deserts, 
grassy steppes, tropical forests, and barren rocky ground, or 
from large ocean surfaces. Lambert made the remarkable 
observation (14th of February, 1774) of a change of the ash- 
colored moonlight into an olive green color, bordering upon 
yellow. " The Moon, which then stood vertically over the 
Atlantic Ocean, received upon its night side the green terres- 
trial light, which is reflected toward her when the sky is clear 
by the forest districts of South America."! 

The meteorological condition of our atmosphere modifies 
the intensity of the earth-light, which has to traverse the 

* Madler, Aiiron., $ 112. 

t See Lambert, 8ur la LumUre Cendrie de la Lune, in the Mim, de 
VAead, de Berlin, annie 1773, p. 46 : "La Terre, vae des plan^tes, pour- 
ra paraitre d'une lumiere vera&tre, k peu prds comme Mars nous paralt 
d'uno couleur rouge&tre." '*Tke Earth, seen from the planets, may 
appear of a green color, much the same as Mars affords to us of a 
reddish color." Wo will not, however, on that account, conjecture 
with this acute man that the planet Mars may be covered with a rod 
vegetation, such as the rose-red bushes of Bougainvillaea. (Hum- 
boldt, Viewe of Nature, p. 334.) " When in Oentral Europe the Moon, 
shortly before the new Moon, stands in the eastern heavens durins the 
morning hour, she receives the earth-light principally from the Targe 
plateau surfaces of Asia and Africa. But if, after the new Moon, it stands 
during the evening in the west, it can only receive the reflection in less 
Quantities from the narrower American continent, and principally from 
the wide ocean." — Wilhelm Beer and Madler, Der Mond nach seinen 
Cotmisehen Verhdlinitten, ( 106, p. 152. 
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double coarse from the Earth to the Moon, and from thence 
to our eye. " Thus, when we have better photometric in- 
struments at our command, we may be able,'* as Arago re-' 
marks,* '* to read in the Moon the history of the mean am- 
dition of the diaphaneity of our atmosphere." The first cor- . 
rect explanation of the nature of the ash-colored light of the 
Moon is ascribed by Kepler {ad Vitellionem Paralipomena, 
quibus Astronomia pars Optica traditur, 1604, p. 254) to * 
his highly venerated teacher Mastlin, who had made it known 
in a thesis publicly defended at Tiibingen in 1596. Galileo 
spoke {Sideretcs Nuncius, p. 26) of the reflected terrestrial 
light as a phenomenon which he had discovered several years 
previously ; but a century before Kepler and Galileo, the ex- 
planation of terrestrial light visible to us in the Moon had not 
escaped the all-embracing genius of Leonardo da Vinci. His 
long-forgotten manuscripts furnished a proof of this.f 

In the total eclipse of the Moon, the disk very rarely dis- 
appears entirely ; it did so, according to Kepler's earliest ob- 
servation,t on the 9th of December, 1601, and more recently, 
on the 10th of June, 1816 ; in the latter instance so as not 
to be visible from London, even by the aid of telescopes. The 
cause of this rare and extraordinary phenomenon must be a 

* Sianee de VAcadimie det Seieneett le 5 Aoiit, 1833, " M. Arego Big- 
nale la comparaidon de I'intonsitd lumineuse de la portion de la Lane 
que les rayons solaires 6clairent directement, avec celle de la partie du 
m^me astre qui re^it seulement les rayons r^fldchis par la Terre. II 
croit d*apres les experiences aa'il a dej& tent6es i. cet 6gard, qu'on 
pourni, avec des instrumens pertectionn6s, saisir dans la lumtire eendrie 
les difinSrences de T^lat plus ou moins nuageax de I'atmosphere de 
notre globe. 11 n'est done pas impossible, malgr6 tout ce au'un pareil 
r6sultat exciterait de surprise au premier coup droeil, qu'un jour les m^ 
t^rologistes aillent puiser dans I'aspect de la Lune des notions pr^ 
cieuses sar ViUU moyen de diaphanit6 de Tatmosphere terrestre, dans les 
hemispheres qui successivement concourrent k la production de la lu- 
midre cendr^e." ** M. Arago pointed out the comparison between tlio 
luminous intensity of that portion of Uio Moon which is illiuninntcd di- 
rectly by the solar rays, and that portion of the same body which re- 
ceives only the rays reflected by tlie Earth. After the oxporimcnts 
which he has alrond^made in reference to this subject, ho is of opinion 
that with improved instruments it will be possible to detect in the athy 
litfht indications of the differences in brightness, more or less cloudy, 
of the atmosphere of our globe. It is not, therefore, impossible, not- 
withstanding the surprise which such a result may excite on the first 
view, that one day meteorologists will derive valuable ideas as to the 
mean iiate of the diaphoneity of our atmosphere in the hemispheres 
which successively contribute to the production of the ashy light.'* 

t Venturi, Ettai sur les Outrages de Leonard de Vineif 1797, p. 11. 

t Kepler, Paralip. vel Attronomia pan OptietBf 1604, p. 297. 

Vol. IV.— G 



146 008M08., 

peculiar and not Bufiioiently investigatod diaphanio condition 
of individual strata of our atmosphere. Hevolius states dis- 
tinctly that, during a total eclipse on the 25th of April, 1642, 
the sky was covered with hrilliant stars, the atmosphere per- 
fectly clear, and yet, with the different magnifying powers 
which he employed, not a vestige of the Moon could he seen. 
In other cases, likewise very rare, only separate parts of the 

' Moon are feebly visible. During a total eclipse, the disk gen- 
erally appears red ; and, indeed, in all degrees of intensity of 
color, even passing, when the Moon is far distant from the 
Earth, into a fiery and glowing red. While lying at anchor 
off the island of Baru, not far from Carthagena de Indias, 
half a century ago (29th of March, 1801), I observed a total 
eclipse, and was extremely struck with tne greater luminous 
intensity of the Moon's disk under a tropical sky than in my 
native north.* The whole phenomenon is known to be a 
consequence of refraction, since, as Kepler very correctly ox- 

• presses himself (Paralip. Astron, pars Optica, p. 893), the 
Sun*s rays are luflectcdt by their passage through the at- 

* ** On con^oit que la vivacity de la lumiuro rouge no depend par 
uniquement de V6tat de ratmosphero, qui r^fracte, plus ou moins anai 
blis, lea rayons Bolaires, en les enfl^hissant dans le c6ne d'ombre, mais 
qu'elle est modifi6e surtout par la transparence variable de la partie de 
ratmosphdre 4 trovers laqueile nous apercevons la Lune 6clipaie. Sous 
les tropiques, une grande s4r6nit6 du ciel, une dissemination nniforme 
des vapours diminuent I'extinction de la lumiere que le disque lunaire 
nous renvoie." — Humboldt, Voyage aux RSgiont Equiuoxialei, torn, iii., 
p. 544 ; and Reeueil d*Ob$erv, Attranomiquei, vol. ii., p. 145. ** It may 
easily be understood that the intensity ofthe red light does not depend 
solely upon the state of the atmosphere, which refracts more or less 
feebly the solar rays by indocting tliom into the shadow cone, but that 
it is especially modified b^ the variable tronsparency of that part of 
the atmosphere across which we perceive the eclipsed Moon. Under 
the tropics a great serenity of sky, a uniform dissemination of vapors, 
diminish the extinction of the light which the lunar disk sends toward 
us." Aroco observes : ** Les rayons solaires arrivent it notre satellite 
par I'eflTet d'une r6fraction et k la suite d'une absorption dans les coaches 
los plus bases de Patmosph^re terrostre ; pourraieut-ib avoir une autre 
tointo que le rouco 7" — Annuaire for 1842, p. 528. ** The solar rays 
roach our plauot by the elFoct of a refraction, and subsequently to an 
absorption (partial) in the lower strata of the Earth's atmosphere. How 
can they have any other colors than red 7" 

t Babinet declares the reddening to be a consequence ofdiffraaion, 
in a memoir as to the different share of the white, blue, and red lights 
which are produced by the inflection. See his Reflections upon the 
Total Eclipse of the Moon on the 19th of March, 1848, in Moigno's Ri- 
pertoire d^Optique Modemet 1850, tom. iv., p. 1656. ** La lumidre dif- 
fract6e qui p6uetre dans Tombre de la Terre, pr^omine tonjours et 
m^mo a 6t6 scule sensible. Elle est d'autant plus rouge on orangfte 
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mospbere, and thrown into the shadow cone. The reddened 
or glowing disk is moreover never uniformly colored. Some 
places always appear darker, and are, at the same time, con- 
tinually changing color. The Greeks had formed a peculiar 
and curious theory with respect to the different colors which 
the eclipsed Moon was said to present according to the hour 
at which the eclipse took place.* 

During the long dispute as to the prohability or improba- 
bility of an atmospheric envelope round the Moon, accurate 
occult observations have proved that no refraction takes 
place on the surface of the Moon, and that, consequently, the 
assumption made by Schroterf of the existence of a lunar 
atmosphere and a lunar ttaUight are disproved. " The 
comparison of the two values of the Moon's diameter which 
may be respectively deduced from direct measurement, or 
from the length of time that it remains before a fixed star 
during the occultation, teaches us that the light of a fixed 
star is not perceptibly deflected from its rectilinear course at * 

qu'eUe so trouve plas prds da centre de Pombre g6om6triqne ; car so 
Bont les rajons les moins r^frangibles qui se jpropagent le plus abon- 
damment par diffraction, k mesure qu'on s'^loigne de la propagation on 
ligne droite." " The cUffracted light which penetrates into the Earth's 
shadow always predominated, ana was, indeed, alone sensible. It was 
the more red or orange in proportion as it was nearer to the goomet^ 
rical center of tho shadow ; for those rays which are lonst refrangible 
are thoso which are propagated most abundantW.by diffraction, in pro 

Sortion as they differ from a rectilinear course." The phenomena of 
ifiraction take place as well in a vacuum, according to the acute in 
vestigations of Magnus (on the occasion of a discussion^ between Airj 
and Faraday). Compare, in reference to the explanations by difirac 
tion in general, Ar^o in the Annuaire fur 1846, p. 452-455. 

* Plutarch (De Facie tn OHte Lnnte), Moral., ed. Wytten., tom. iv., 
p. 780-783 : " The fiery, charcoal-like, ^limmerin^ (dvdpaKoetdnc) coloi 
of the eclipsed Moon (about tho midnight hour) is, as tho mathcmati* 
cians affirm, owing to tho change from ulack into red and bluish, and 
is by no moans to bo considered as a character peculiar to tho earthy 
surface of tho planet." Also Die Oassius (Ix., 26, cd. Sttirx, p. iii., p 
779), who occupied himself especially with ocliiisos of tho Moon, bihI 
the remarkable edicts of the Emperor Olaudius, which predicted the di' 
mentione of the eclipsed portion, directs attention to the very difforeiit 
colors which the Moon assumed during the conjunction. Ho says (Ixv., 
11, tom. iv., p. 185, Sturtz), "Great was the excitement in the camp 
of VitelHus in conseouence of the eclipse which took place that night. 
The mind was fiUea with melancholy apprehensions, not so much at 
the eclipse itself, although that might appear to predict misfortune to 
an unquiet mind, but much more from the circumstance that the Moou 
displayed blood-red, black, and other gloomy colors." 

t SchrOter, Selenotopographische FragmetUef th. i., 1791, p. 6S8; th. 
u., 1802, p. 52. 
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that moment in which it touches the Moon's edge. If a re- 
fraction took place at the edge of the Moon, the second de- 
termination of her diamotor must give a value smaller hy 
t\yioe the amount of the refraction than the former ; hut, on 
the contrary, hoth determinations correspond so closely in 
repeated determinations, that no appreciable diflerence has 
ever been detected."* The ingress of stars, which may he 
particularly well ohserved at the dark edge, takes place 
suddenly, and without gradual diminution of the star's hrill- 
iancy ; just so the egress or reappearance of the star. In 
the case of the few exceptions which have been descrihed, 
the cause may have consisted in accidental changes of our 
atmosphere. 

If, however, the Earth's Moon is destitute of a gaseous 
envelope, the stars must appear then, in the absence of all 
diffuse light, to rise upon a black sky;t no air- wave can 
there convoy sound, music, or language. To our imagina- 
tion, so apt presumptuously to stray into the uufathomablu, 
the M(X)n is a vuicoloHS wildurnoss. 

The pliuuoinonon of apparunt adhuronoo on uud within tlio 
Moon's edge,t sometimes observed in the occultation of stars, 
can scarcely be considered as a consequence of irradiation, 
which, in the narrow crescent of the Moon', on account of 
the very different intensity of the light in the ash-colored 
part of the Moon, and in that which is immediately illumin- 
ated by the Sun, certainly makes the latter appear as if sur- 
rounding the fonner. Arago saw, during a total eclipse of the 
Moon, a star distinctly adhere to the slightly luminous disk 
of the Moon during the conjunction. It still continues to be 

• 

* Bessel, Ud/er eine angenommene Atmospkdre det Mondet in Schu- 
macher's Atiron. Naehr., No. 263, p. 416-430. Compare also Beer aud 
Madler, Der Monde, $ 83 and 107, p. 133 and 153; also Arago, in the 
Annuaire for 1846, p. 346-353. The frequently mentioned proof of the 
existence of an atmosphere round the Moon, derived from the greater or 
less perceptibility of small superficial configurations and *Ulie Moon- 
clondi moving round in the valleys," is the most untenable of all, on 
account of the continually- varying condition (darkening and brighten- 
iug) of the upper strata of our 9wn atmosphere. Considerations as to 
the form of one of the MooiCt home on the occasion of the solur eclipse 
on the 5th of September, 1793, induced William Herschel to decide 
againet tlie assumption of a lunar atmosphere. {Philot, Transact,, vol. 
ixxxiv.,p. 167.) 

t Miidler, in Schumacher's Jahrbveh for 1840, p. 188. 

t Sir John Herschel {Outlines, p. 247) directs attention to the ingresa 
of such double stars as can not be seen separately by the telescope, on 
account of tbo too groat proximity of tho individual stum of which they 
consist. 
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a subject of diBcussion between Arago and Plateau 'whether 
tlio phenomenon here mentioned de|)end8 upon deceptive per* 
oeption and physiological causes,* or upon the aberration of 
sphericity and refrangibility of. the. eye. t Those cases in 
which it has been asserted that a disappearance and reap- 
pearance, and then a repeated disappearance, have been ob- 
served during an occultation, may probably indicate the in- 
gress to have taken place at a part of the Moon's edge which 
happened to be deformed by mountain declivities and deep 
chasms. 

The great differences in the reflected light from particular 
regions of the illuminated disk of the Moon, and especially 
the absence of any sharp boundary between the inner edge 
of the illuminated and ash-colored parts in the Moon's phases, 
led to the formation of several very rational theories as to 
the inequalities of the surface of our satellite, even at a very 
emote period. Plutarch says distinctly, in the small but 
very remarkable work On tlie Face in tlie Moon, that we 
may suppose the spots to be partly deep chasms and valleys, 
partly mountain peaks, ** which cast long shadows, like Mount 
Athos, whose shadow reaches Lotnnos."t The spots cover 
about two fifths of the whole disk. In a clear atmosphere, 
and under favorable circumstances in the position of the 

* IMntomi, Bur V Irradintiony in tlie Mim. da VAead, lloy'ah det 8ci 
encea et JletUt'LeUre* de Dritxellra, torn. xi.,n. HS,nii(l tlie Rii))|ilomoiit- 
nry vulunio of J'oggoiidoiirs Annalen, 1812, p. 70-128, 103-232, nml 
405 and 443. *' Tno pnibnble oiiuse of tho irradiuti(>ii is an iiritation 
producod by the light upon the retina, and spreads a little beyond the 
outline of the image." 

t Arago, in the CompU$ Rendu$, toin. viii., 1839, p. 713 and 883. 
" Les ph^nomdues d'irradiation signal^s par M. Plateau soiit regard^s 
par M. Araso comme les eflets des aberrations de refrangibilit6 et de 
sph^ricit^ de Vceil, combing avec rindistinctioii de la vision, cons^ 
queiice des circonstances dans lesquelles les observateurs se sent places. 
Dos mesuros exactes prises snr des disqnes noirs & fond biniio et des 
disqucs blaiics k. fond noir, qui 6taient nlac6s nu Palais dii Liixeinliourff, 
visibles & Pobservatoire, n*ont pas indiqu^ les eflbts de P irradiation. 
" The phenomena of irradiation pointed out by M. Plateau are resiirded 
by M. Arago as the effects of the aberration of sphericitj and refrangi- 
bility of the eye, combined with the indistinctness of vision consequent 
upon the circumstances in which the observers are placed. The exact 
measurement taken of the black disks upon a white ground, and the 
white disks upon a black ground, which were placed ujion the palace 
of Luxembourg, and visible at the Observatory, did not present any 
phenomena of irradiation.'' 

t Plutarch, Moral., ed. Wytten., torn, iv., p. 78G-789. Tho shadow 
of Alhos, which was seen by the traveler Pierre Beloii {Ob»er9atiim$ d§ 
SingulariUt irouvie$ en Ordee, Ane, etc., 1554, liv. i., chap. 25),re«cbMi 
the brazen cow in the nmrkcM4)wn Myriiie in Lcmnos. 
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Moon, some of the spots are visible to the naked eye ; the 
ridge of the Apennines, the dark, elevated plain Crrimaldus, 
the inclosed Mare Crisium, and Tycho,* crowded round 
with numerous mountain ridges and craters. It has been 
affirmed, not without probability, that it was especially the 
aspect of the Apennine cltain which induced the Greeks to 
consider the spots on the Moon to be mountains, and at the 
same time to associate wilh them the shadow of Mount 
Athos, which in the solstices reached the Brazen Cow upon 
Lemnos. Another very fantastic opinion was that of Agesi- 
nax, disputed by Plutarch, according to which the Moon's 
disk was supposed, like a mirror, to present to us again, ca- 
toptric ally, the configuration and outline of our continent, 
and the outer sea (the Atlantic). A very similar opinion ap- 
pears to have been preserved to this time as a popular belief 
among the people in Asia Minor. t 

By the careful application of large telescopes, it has grad- 

* For proofs of tho visihility of tlioso four oltjocts, boo in Deer and 
Mttdlur, Dcr Aloud,, i>. !i 11, U:i8, lUl, uiid 200. It Ih Hcurcoly iiocoBHury 
to iiieutiou tliut uU wliicli rofuiit to tho topogruphy of tho Mooii'b Hurliico 
18 derived from the excelleot work of my two frieuds, of whom the 
second, William Beer, was taken from us but too early. The beautiful 
UebersiehUbltUl, which Madler published in 1837, three years after the 
large map of the Moon, consisting of three sheets, is to be recommended 
for the purpose of more easily becoming acqnaiuted with the bearings. 

t Plut, De Fade in Orbe Luna, p. 726-720, Wytton. This passage 
Is, at the same time, not without interest for ancient geography. — See 
Humboldt, Examen Critique de VHi$t. de la Qiogr,, torn, i., p. 145. 
With regard to other views of the ancients, see Anaxagoras and De- 
mocritns, in Pint., De Plac. Pkilos,, ii., 25 ; Parmenidos, in Slob,, p. 410, 
453, 510, an4l 503, od. Ilouron; Bchuoidor, Ecloga Phy$ica!, vol. i., |>. 
433-443. Accoixliiig to a voty remarkable passage in i'lutarch's Life 
of Niciat, cap. 42, Anaxagoras himself, who calls " the mountainous 
Moon another Earth," had made a drawing of the Moon's disk. (Com- 
pare also Origines, Philosophumena, cap. 8, ed. MQlleri, 1851, p. 14.) 
I was once very much astonished to hear a veiy well-educated Per- 
sian, from Ispahan, who certainly had never read a Greek book, men- 
tion, when I showed him the Moon's spots in a large telescope in Paris, 
the hypothesis of Asesiuax (alluded to in the text) as to the reflection, 
us a widoly-dilTnsed popular belief in his country. ** What we see 
there in the Moon," said the Persian, ''is ourselves; it is the map of 
our Earth." One of the interlocutors in Plutarch's Moowdialorue would 
not have expressed himself otherwise. If it can be supposea that men 
are inhabitants of the Moon, destitute of water and air, tne Earth, with 
its spots, would also present to them such a map upon a nearly black 
iky by day, with a surface fourteen times greater than that which the 
full Moon presents to us, and always in the same iK)sition. But the 
constinitly varying clouds and obscurities of our atniosolioro would con- 
fuio tho outlines of tlio continuntn. — Utunpuro Mudlors Atlron,, p. 100 
and Sir John llorschol, Outlinea, $ 430. 
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nally bocomo possiblo to construct a topographical chart of 
the Moon, based upon actual observations ; and since, lii tho 
opposition, tho entire half-sido of tho Earth's satellite prosenti 
itself at the same moment to our investigation, we know moro 
of the general and merely formal connection of the mountain 
groups in the Moon, than of the orography of a whole terres- 
trial hemisphere containing the interiors of Africa and Asia. 
Generally the darker parts of the disk are tho lower and more 
level ; the brighter parts, reflecting much sunlight, are the 
more elevated and mountainous. Kepler's old description of 
the two as sea and land has long been given up ; and the 
accuracy of the explanation, and the opposition, was already 
doubted by Hovel, notwithstanding the similar nomenclature 
introduced by him. The circumstance principally brought 
forward as disproving the presence of surfaces of water on 
the Moon was, that in the so-called seas of tlie Moon, tho 
smallest parts showed themselves, upon closer examination 
and very diflerent illumination, to be completely uneven, pol- 
yhedric, and consequently giving much jwlarized light. Ar- 
ago has pointed out, in opposition to the arguments which 
have been derived from the irregularities, that some of these 
surfaces may, notwithstanding the irregularities, be covered 
with water, and belong to the bottoms of seas of no great 
depth, since the uneven, craggy bottom of tho ocean of our ' 
planet is distinctly seen when viewed from a great height, 
on account of the preponderance of tho light issuing from bo- 
low its surface over the intensity of that which is reflected 
from it. {Annuaire du Bureau dcs Longitudes for 183G, 
p. 339-343.) In the work of my friend, which will shortly 
appear, on astronomy and photometry, the probable absence 
of water upon our satellite will be deduced from other optical 
grounds, which can not be developed in this place. Among 
the low plains, the largest surfaces are situated in the north- 
ern and eastern parts. Tho indistinctly bounded Occanus 
ProceUarum has the greatest extension of all these, being 
360,000 geographical miles. Connected with tho Mare Im- 
brium (64,000 square miles), the Mare Nubium, and, to 
some extent, with the Mare Humorum, and surrounding in- 
sular mountain districts (the Riplusi, Kepler, Copernicus, 
and the Carpathians), this eastern part of the Moon's disk 
presents tho most decided contrast to tho luminous south- 
western district, in which mountain is crowded upon mount- 
ain.* In the northwest region, two basins present them- 

* Beor and Madlor, p. 273. 
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selves as being more shut in and isolated, the Mare Crisit^.% 
(12,000 square miks) and the Mare Tranquillitatis (23,20O 
square miles). 

The color of these so-called seas is not in all cases gray. 
The Mare Crisium is gray mixed with dark green ; the Mare 
Serenitatis and Mare Humorum are likewise green. Near 
the Hercynian mountains, on the contrary, the isolated cir- 
cumvallation Lichtenberg presents a pale reddish color, the 
same as Falus Somnii. Circular surfaces, without central 
mountains, have for the most part a dark steel-gray color, 
bordering upon bluish. The causes of this great diversity in 
the tints of tho rocky surface, or other porous materials which 
cover it, are extremely mysterious. While, to the northward 
of the Alpine mountains, a large inclosed plain, Plato (called 
by Hevel Lacus niger majo?')^ and still more Grimaldus in 
the equatorial region, and Endymion on tho northwest edge, 
arc tho three darkest spots upon the whole Moon's disk, Aris- 
tarchus, with its sometimes almost star-like shining points, is 
tho brightest and most brilliant. All thoso alternations of 
light and shade ullcct an iodized plate, and may bo ropre- 
sented in Daguerreotype^ by means of powerful magniiiprs, 
with wonderful truthfulness. I myself possess such a moon- 
light picture of t^\ o inches diameter, in which the so-called 
^cas and ring-formed mountains are distinctly jierceptible ; it 
was executed by an excellent artist, Mr. Whipple, of Boston. 

If the circular form is striking in some of the seas {Cris- 
ium, Serenitatis, and Humorum), it is still more frequently 
— indeed, almost universally, repeated in the mountainous 
part of the disk, especially in tho configuration of the enor- 
mous mountain-masses which occupy tho southern hemisphere 
from the pole to near the equator, where the mass runs out 
in a point. Many of the annular elevations and inclosed 
plains (according to Lohrmann, the largest are more than 
4000 square miles in extent) form connected series, and, in- 
deed, in the direction of the meridian, between 5^ and 40^ 
south latitude.^ Tho northern polar region contains com- 
paratively few of these crowded mmintain circles. In tho 
western edge of the northern hemisphere, on the contrary, 
they form a connected group between 20^ and 50^ north 
latitude. The North Pole itself is within a few degrees of 
the Mare Frigoris, and thus, like the whole level northeast- 
em space, including only a few isolated annular mountains 
{Flato, Mairan, Aristarch, Copernicus, and Kepler), pre 

* Scltiimacher's Jahrbtich for 1841, p. ^270. 
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ients a great contrast to the South Pole, entirely covered with 
mountains. Here lofty peaks shine during whole lunations 
in eternal light , in the strictest sense of the word ; they are 
true light islands, which become perceptible, even with feeble 
magnifying powers.* 

As exceptions to this type of circular and annular configu- 
rations, sp universally predominant upon the Moon, are the 
actual mountain-chains which occur almost in the middle of 
the northern half of the Moon {Apennines, Caucasus, and 
Alps), They extend from south to north in a slight curve to- 
ward the west, through nearly 32^ of latitude. Innumer- 
able mountain crests and extraordinary sharp peaks are here 
thronged together. Few annular mountains, or crater-like 
depressions, are intermingled iConon, Hadley, Calippus), 
and the whole resembles more the configuration of our mount- 
ain-chains upon the Earth. The lunar Alps, which are in- 
ferior in height to the lunar Caucasus and Apennines, pre- 
sent a remarkable brozd transverse valley, which intersects 
the chain from southeast to northwest. It is surrounded by 
mountain peaks which exceed in height that of Tenerifie. 

The relative height of the elevations in proportion to the 
diameters of the Moon and the Earth, gives the remarkable 
result, that since in the four times smaller satellite the high- 
est peaks are only 3836 feet lower than those of the Earth, 
the lunar mountains amount to j\-^, the mountains on the 
Earth to ^ ^^ y of the planetary diameters.f Among the 1095 
points of elevation already measured upon the Moon, I fmd 
39 are higher than Mont Blanc (16,944 feet), and six higher 
than 19,000 feet. The measurements were efiected either 
by light tangents (by determining the distance of the illumin- 
ated mountain peak on the right, side of the Moon from the 
boundary of the light) or by the length of the shadows. The 
former method was already made use of by Galileo, as is soon 
from his letter to the Father Grionborger upon the Montu- 
osita ddla Luna. 

According to Madler's careful measurements by moans of 
the length of the shadows, the culminating points of the 

* Madler, Attron,, p. 1G6. 

t The highest peak of the Himalayas, and (op to the present time !) 
of the whole Earth, Kinehin-junga, is, accordmg to Waugh's recent 
measarement, 4406 toises, or 28,178 English feet ; the highest peak 
among the Moon's mountains is, according to Madler, 3800 toises (ex* 
actly four geographical miles). The diameter of the Moon is 1816, 
that of the Earth 6872 geographical miles ; whence it follows for the 
Moon ^j^|., for the Earth j^jj» 

G 2 
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Moon are in descending order at the south edge, very liear the 
Polo, Dbrfel axiH Leibnitz, 24,297 feet ; the annular mountain 
Newton, where a part of tho deep hollow is never lighted, 
neither hy the Sun nor the Earth's disk, 23,830 feet ; Casa- 
ttis, eastward of Newton, 22,820 feet ; Ccdippus, in the Oau- 
casian chain, 20,396 feet; the Apennines, hetvreen 17,903 
and 19,182 feet. It must be remarked here, that in the en- 
tire absence of a general niveau-line (the plane of equal dis- 
tance from tho center of a cosmical body, as is presented on 
our planet by tho level of tho sea), tho absolute heights are 
not to be compared strictly with each other, since the six 
numerical results here given properly express only the difler- 
ences between the peaks and the immediately surrounding 
plains or hollows.* It is, however, very remarkable that 
Galileo likewise assigned to the loftiest lunar mountains tho 
height of about four geographical miles (24,297 foot), ** in* 
nrca miglia quatro,** and, in accordance with the extent of 
Vis hypsomotno knowloclge, considered them higher than any 
j{ tho mountains on tho Earlh. 

An extrcmoly remarkable and mysterious phenomenon 
which the surface of our satellite presents, and which is only 
optically connected with a reflection of light, and not hyp- 
sometrically with a difierence of elevation, consists in the nar- 
row streaks of light which disappear when the illuminating 
rays fall obliquely ; but in the full Moon, quite in opposition 
to the Moon-spots, become most visible as systems of rays. 
They are not mineral veins, cast no shadow, and run with 
equal intensity of light from the plains to elevations of more 
than 12,780 feet. The most extensive of these ray-systems 
commences from Tycho, where more than a hundred streaks 
of light may be distinguished, mostly several miles broad. 
Similar systems which surround the Aristarchus, Kepler, Co- 
pernicus, and the Carpathians, are almost all in connection 
with each other. It is difficult to conjecture, by the aid of 
induction and analogy, what special transformations of the 
surface give riso to thoso luminous, ribbon-liko rays, proceed- 
ing from certain annular mountains. 

Tho frequently mentioned type of circular configuration, 
almost every where preponderating upon the Moon's disk, in 
the elevated plains which frequently surround central mount- 
ains ; in the large annular mountains and their craters (22 
are counted close together in Bayer, and 33 in Albategnius) 

* For the six heights which exceed 19,182 feet, see Beer ant] Mid 
ler, p. 99, 125. 234. 242, 330. and 331. 
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must have early induced a deep-thinker like Eobert Hooka 
to ascribe such a form to the retzction of tlie interior of the 
Moon upon the extefior — ** the action of subterranean fire, 
and elastic eruptive vapors, and even to an ebullition in 
eruptive bubbles." Experiments with thickened boiling lime 
solutions appeared to him to confirm his opinion ; and the cir- 
cumvallations, with their central mountains, were at that time 
already compared with " the forms of iBtna, the Peak of 
Teneriile, Ilecla, and the Mexican volcanoes described by 
Gage."* 

One of the annular plains of the Moon reminded Galileo, 
as he himself relates, of the configuration of countries entirely 
surrounded by mountains. I have discovered a passagef in 
which he compares these annular plains of the Moon with 
the great inclosed basin of Bohemia. Many of the plains are, 
in fact, not much smaller, for they have a diameter of firom 
1 00 to 1 20 geographical miles.^ On the contrary, the real an- 
nular mountains scarcely exceed 8 or 12 miles in diameter. 
Conon in the Apennines is 8 ; and a crater which belongs to 
the shining region o£ Aristarchus is said to present a breadth 
of only 25,576 feet, exactly the half of the diameter of the 
crater of Rucu-Pichinoha, in the table-land of Cluito, meas- 
ured trigonometrically by myself. 

Since we have in this place adhered to comparisons with 
well-known terrestrial phenomena and relations of magnitude, 
it is necessary to remark that the greater part of the plains 
and annular mountains of the Moon are to bo considered in 
the first place as craters of elevation, without continuous 
phenomena of eruption in the sense of the hypothesis of Leo- 
pold von Buch. What, according to the European standard, 

* Robert Hooko, Mierographia, 1667, Obs. Ix., p. 242-24G. " Those 
Msom to mo to linvo boon the oflbcts of somo motious within tlio bixly 
of tho Moon, nnnlogous to onr oarthquakos, by the ernption uf which, 
as it has Uirown up n brim or ridgo round about higher tbnn tlio am- 
bient surfaco of the Moon, so has it loft a bole or deprossiou in tho mid- 
dle, proportionably lower." Hooke says of his experiment with boil- 
ing alabaster, that " presently ceasing to boyl, the whole surfaco will 
appear all over covered with small pits, exactly shaped like those o( 
the Moon. The earthy part of the Moon has been undermined, ot 
heaved up by eruptions of vapors, and thrown into the same kind of 
figured holes as the powder of alabaster. It is not improbable, also, 
tUAt there may be generated within the body of tho Moon divers such 
kind of internal fires and heats as may produce exhalations '' 

t Cosmos, vol. ii., p. 319, note. 

% Beer and M&dler, p. 126. Ftolemsus is 96 miles in diameter 
Alphons and Hipparehus, 76 miles. 
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we call great upon the Earth — ^the elevation crater of Rocoa 
Monsina, Falma, Tenoriffe, and Santorin — ^becomes insignifi- 
cant when compared with Ptolemy, Hipparchus, and many 
others of the Moon. Puhna has only 24,297 feet diameter ; 
Santorin, according to Captain Graves, new measurement, 
33,148 feet; TenerifTe, at the utmost, 53,298 feet: conse 
quently, only ono eighth or one sixth of the two craters of 
elevation of the Moon just mentioned. The small crater of 
the Peak of Teneriflb and Vesuvius (from 319 to 426 feet in 
diameter) could scarcely be seen by the aid of telescopes. 
The by far greater mrnher of the annular mountains have 
no central mountain ; and where there is one, it is described 
as being dome-formed or level {Hevelius, Macrobius), not as 
an erupted cone vrith an opening,* The active volcanoes 
which are stated to have been seen in the right side of the 
Moon (May 4, 1783) ; the phenomena of light in Plato, which 
Bianchini (August 16, 1725) and Short (April 22, 1751) ob- 
served, are here mentioned only as of historical interest, since 
the sources of doooption have long boon fathomed, and lie in 
tho moro powerful rciioction oi' the torrcslrial light which 
certain parts of the surface of our planet throw upon the ash- 
colored night side of the Moon.f 

* Arzachel and Herculei are supposed to be exceptions : the former 
to have a crater upon its summit, the second a lateral crater. These 
points, important m a geognostic point of view, deserve fresh investi- 
gation with more perfec t i ustrumeuts. ( Sch rtt ter, Selenoiopographiiche 
jPragtnente, th. ii., tab. 44 and G8, fig. 23.) Hitherto no signs have ever 
been detected of lava streams collected in deep liollows. The raditUed 
line* which issue from Aristoteles in three directions are ranges of hills. 
(Beer and Madler, p. 236.) 

t Op. eii., p. 151. Arago, in the Annudire for 1842, p. 52G. (Com- 
pare also Imniaimel Kant, Schriflen der Phytiichen Geo^aphie, 1839, 
p. 393-402.) According to recent and more complete mvestigations, 
the temporary changes said to have been observed upon the surface of 
the Moon (the formation of new central mountains and craters in the 
Mart Critium, Ileveliut, and Cleotnedes), are illusions of a similar na- 
ture to the supposed volcanic eruptions perceptible to us upon the Moon. 
(See Schrttter, Sdenoiopographuche FVagmente, th. i., p. 412-523 ; th. ii., 
p. 268-^72.) Tho question, what is the smallest object whose height 
can be measured witli the instruments which are at present at our com- 
mand 7 is in general difficult to answer. According to the report of Dr. 
Robinson upon the beautiful reflecting telescope of Lord Rosse, extents 
of 220 feet (80 to 90 yards) are discerned with the greatest distinctness. 
Madler calculates that, in his observations, shadows of 3" were capable 
pf being measured ; a length which, under certain presuppositions as to 
the position of a mountain, and the altitude of the San, would indicate 
a mouutaiu elevation of 120 feet. However, he points out, at the same 
time, that tho sliudows must have a corluiu degree of breadth in ordoi 
to be visiblo uiid measurable. The shadow of the great pyramid of 
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Attention has been repeatedly, and with justice, direoted 
to the fact, that in the absence of water upon the Moon (even 
the riUs, very narrow, mostly rectilinear hollows,* are not riv- 
ers). We must represent to ourselves the surface of the Moon 
as being somewhat similarly constituted as was the Earth in 
its primitive and most ancient condition., while yet uncovered 
flotz strata, by bowlders and detritus^ which wore spread out 
by the transporting force of the ebb and flood or currents. 
Sun and Earth floods are naturally wanting ; where the liquid 
element is absent, slight coverings of decomposed conglomer- 
ates are scarcely conceivable. In our mountain-chains, up- 
heaved upon fissures, partial groups of elevations are begin- 
ning gradually to be discovered here and there, forming, as it 
were, egg-shaped basins. How entirely diflerent the Earth's 
surface would have appeared to us if it were divested of the 
flotz and tertiary formations ! 

The Moon, by the variety of its phases, and the more rapid 
change of its relative jposition in the sky, animates and beau- 
tifies the aspect of the firmament under every zone more than 
all the other planets. She sheds her agreeable light upon 
men, more especially in the primitive forests of the tropical 
world, and the beasts of the forests. t The Moon, in virtue 

Oheops, according to the known ilimenBions of this monnment (super- 
ficial extents would ho, oven at tho point of commenoemont, scarcely 
one ninth uia socund brood, and consequently iuvisiblo. (Mftdlor, in 
Schumacher's Jahrbuch for 1841, p. 2G4.) Arago calls to mind that, 
with a 6000-fold nugnifving power, which, nevertheless, could not be 
apptied to the Moon with jproportionate residts, the mountains upon the 
Moon would appear to us just as Mont Blanc does to the naked eye when 
seen from the Lake of Geneva. 

* The rills do not occur frequently ; are, at the utmost, thirty miles 
lon^; sometimes forked (Gassendi^; seldom resembling mineral veins 
(Tnesnecker) ; always luminous ; ao not cross mountains transversely ; 
are peculiar to the level landscapes ; are not characterized by any pe 
cufiarities at tlie terminal points, without becoming broader or narrow- 
er. (Boor and M&dlor, p. 131,225, and 249.) 

t See my Bssny upon tho Noeturnal Life of Animals in ihe Primaval 
Forut, in the Viewi ofNcUure, Bohn's ed., p. 198. Laplace's rufloction.'t 
upr^n a perpetual moonlight {ExpotUion du SysUme dn Monde, 1824, p. 
232) have met with a disproval in tho M^nu ofUouville tur nn cat par^ 
lieuLier du problem det Trots Corps. Laplace says, " Quelques partisans 
des causes finales ont imaging que la Lune a M donnto k la Terre pour 
V^lairer pendant les nuits ; dans ce cas, la nature n'aurait point atteint 
le but qu'elle se serait propose, puisque nous sommes souvent priv6s k 
la foisde la lumidre du ooleil et do celle de la Lune. ' Four y parvenir, 
il eOt sufll do mcttro k Porigino la Luuo en opitosition avoo lo Soloil 
dans le plan mAme de l'6cliptiquo, k une distance ^gale k la centiime 
partie de la distance de la Terre au Soleil, et de donner k la Lime et k 
la Terra des vitesses panill61es et proportionnelles k leufit diAtaiice* i 
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of the attraotive force which she exercises in common with 
the Sun, excites motion in our ocean — the liquid portion of 
the Earth — gradually changes the surface hy periodical floods, 
and the outlines of continental coasts, hy the destructive agen« 
cy of the tides, hinders or favors the lahor of men ; affords 
the greater part of the material from which sandstones and 
conglomerates are formed, and which are again covered hy 
the rounded, loose, transported detritus.* Thus the Moon, 
as one of the sources of motion, continues to act upon the ge« 
ognostic relations of our planet. The indisputablct influence 

cet astre. Alora la Lune, sans ceese en oppoBition aa Soleil, eAt d^rit 
aatour de lui uuo ellipse semblable k celle do la Terre ; cea deux astrea 
Be seraient Bucc^d6 ran k Pautre sur I'horizon ; et comme k cette dis- 
tance la Lune n*eAt point 6t6 6clips6e, sa lumidre aorait certainement 
remplac^ celle du Soleil." " Several partisans of final causes have im- 
a^ned that the Moon has been eiven to the Earth to light it during the 
night ; in that case, nature would not have attained the object which 
she had proposed, because we are frcquendy deprived at tho same time 
of the light of the Bun and Moon. To have attained this end, it would 
have been sufficient in the beginning to place the Moon in opposition 
with the Sun, in tho same plane of tlie ecliptic, at a distance equal to 
the hundredth part of tho distance of tho Earth from the Sun, and to 
give to the Moon and the Earth velocities parallel and proportional to 
their distances fram that body. Then the Moon, constantly in opposi- 
tion to the Sun, would have described an ellipse round it like that of 
the Earth ; these two bodies would have succeeded each other in the 
horizon, and as at that distance the Moon would never have been 
eclipsed, its light would certainly have replaced that of the Bun.'' Lion- 
villo finds, on tho contrary, ** Que, si la Luuo avait occup6 k I'origine la 
position particuliere que I'illustre auteur do la Micanique Cilette lui 
assisno, olio u'aurait pu s'y maintenir que nondaut uu tomps trds court.'' 
'' That if the Moon hod occupied ot tlio uogiuning the particular (wsi- 
tion ossignod to her by tho illustrious author of tho Micanique Cilctief 
she would not have boon ublo to maintain it fur more tliun u vory short 
time." 

* On the Transporting Power of the Tides, see Sir Henry de la Beche, 
OeologiccU Manual, 1833, p. 111. 

t Arugo, 8ur la question de savoir si la Lune exeree sur notre Atmo- 
sphdre une influence appreciable, in the Annuaire for 1833, p. 157-206. 
The principal advocates of this opinion are Scheibler ( Untersueh. Hber 
Einfiuss des Mondes aufdie Vvranderungen in unserer Atmosphdre, 1830, 
p. 20); Flangergues {Zwanzigjdhrige Beobachtungen in Viviers, Bibl. 
Universale, Sciences et Arts, tom> xl., 1829, p. 265-283, and in Kastner*s 
Archivf. die ges. Naturlehre, bd. xvii., 1829, sees. 32-50); and Eiseulohr 
(Poggend., Annalen d&r Physik, bd. xxxv., 1835, p. 141-160, and 309- 
329). Sir John Herschel considers it very probable that a verj^ high 
temperature prevails upon the Moon (far ooove the boiling-point of 
water V as the surface is uninterruptedly exposed for fourteen days to 
the full action of the Sun. Therefore, m the opposition, or some few 
(lays aftor, tho Moon must be, in some small degrco, a source of boat 
fur tho Earth ; but this heat, radiating from a body fur bolow the tern- 
[lonituro of ignition, can not reach the surfhco of the Earth, since it is 
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of tho BatelUto upon atmoBpherio prcssuro, aquoouB dopoBitions, 
and the dispersion of clouds, will be treated of in the last and 
purely telluric part of the Cosmos. 

Mars. 

The diameter of this planet, notwithstanding its considera- 
bly greater distance from the Sun, is only 0*519 of the Earth's, 
or 35G8 geographical miles. The eccentricity of his orbit is 
0*0932168, next to Mercury the greatest of all the planetary 
orbits ; and also on this account, as well as from its proximi- 
ty to the Earth, the most suitable for Kepler's great discove- 
ry of the elliptical form of the planetary orbits. His period 
rf rotation* is, according to M^er and Wilhelm Beer, 24h. 
37m. 23s. His sidereal revolution round the Sun occupies 1 
year 321d. 17h. 30m. 41b. The inclination ofMars's orbit 
toward tho Earth's equator is 24^ 44' 24"; his mass, ^^ ^^jj^ ; 
his density, in comparison to that of the Earth, 0*958. The 
mass of Mars will be hereafter corrected by means of tho dis- 
turbances which ho may experience from his influence with 
the Comet of DcYico, in the same way that the close approach 
of Encke's Comet was taken advantage of to ascertain the 
mass of Mercury. 

Tho flattening of Mars, which (singularly enough^ the groat 
Konigsborg astronomer permanently doubtedi was first recog- 
nized by William Horschol ( 1 784). With regard to tho amount 
)f the flattening, however, there was long considerable uncor- 

^baorbed in the npper strata of oar atmosphere, where it converts visi- 
ble cloads into transparent vapor.*' The phenomenon of the rapid dis- 
persion of cloads by the fall Moon, when thej are not extremely dense, 
IS considered by Sir Jolm Herschel ** as a meteorological fact, which," 
he adds, 'Ms confirmed by Hamboldt's own experience and the nni- 
versal belief of the Spanish sailors in the tropical seas of America."— > 
See Report of the Fifieenth Meeting of the Britith Auoeialion for the 
Advancement of Science, 1846, Notices, p. 5 ; and Outline*, p. 201* 

* Boor and MUdler, Bdtrage zur Phyi, Kenntnits det 8onnenty*tem$, 
1841, p. 113, from observations in 1830 and 1832 ; Madler, Aitronomie, 
1849, p. 20G. Tho first considerable improvement in tho data for tho 
|)eriod of rotation, which Dominimio Cnssini found 24h. 40m., was tho 
result of lal)orious observations by William Herschel (between 1777 and 
1781). which gave24h. 39m. 21*78. Kunowsky found, in 1821, 24h. 36m. 
40s., very irear to Madlcr's result. Cassini's oldest observation of tho 
rotation of a spot upon Mars (Dolambro, Ilitt, de VAatron, Mod., tom. 
]i.,p. G94) n|>pf)nrs to hnvo boon sofui nflor tho year 1670; but in tlio 
very niro Treatise, Kern, Diis, de Scinlitlatione Stellantm, Wittonb., 
1686, $ 8, 1 find that the actual diteovereri of the rotations of Mart and 
Jtipifer nre stated to have been *' Salvator SeiTn and Father ^gidins 
Franciscus de Cottignez. astronomers of the Collegio Romano." 
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tainty. It was stated by William Heracfael to be y^ ; aocord* 
ing to Arago's more accurate measuromont,* ivith one of Eo« 
chon's prismatic telescopes, in the first instance (before 1824), 
only in the proportion of 189 : 194, i, e., jf^ ; by a subsequent 
measurement (1847),^; still, Arago is inclined to consider 
the flattening somewhat greater. 

If the study of the Moon's surface calls to mind many ge- 
agnostic relations of the surface of the Earth, so, on the con- 
trary, the analogies which Mars presents with the Earth are 
entirely of a metcarological nature. Besides the dark spots 
-r-some of which are blackish ; others, though in very small 
numbers, yellowish-red, t and surrounded by the greenish con- 
trast colors, so-called seas| — ^there are seen upon the disk of 
Mars two white, brilliant, snow-like spots, i either at the poles 
which are determined by the axis of rotation, or at the poles 
of cold alternately. They were recognized as early as 1716 
by Philip Maraldi, though their connection with climatic 
changes upon the planet was first described by the elder 
Herschol, in the seventy-fourth volume of the Philosophical 
Transactions for 1784. The white spots become alternately 
larger or smaller, according as the poles approach their win- 
ter or summer. Arago has measured, by means of his polari- 
scope, the intensity of the light of these snow zones, and found 
it twice as great as that of the remaining part of the disk. 
The Physikalisch-astronomischen Beitrdgen of Madler and 
Beer contain some excellent graphic representations!! of the 
north and south hemispheres of Mars ; and this remarkable 
phenomenon, unparalleled throughout the whole planetary 
system, is there investigated with reference to all the changes 
of seasons, and the powerful action of the polar summer upon 
the melting snow. ^ Careful observations, during a period of 
ten years, have also taught us that the dark spots upon Mars 
preserve a constant form and relative position. The period- 
ical formation of snow-spots, as meteoric depositions depend- 
ent upon change of temperature, and some optical phenom- 
ena which the dark si)ots present as soon as they have, by the 
rotation of the planet, reached the edge of the disk, make the 
existence of an atmosphere upon Mars more than probable. 

* Laplace, Expot. du Syti. du Monde, p. 36. SchrOter's very imper 
feet measurement of the diameter of the planet gave Mars a flattening 
of only ^jf, t Beer and Madler, Beitrtige, p. 111. 

t Sir John Herschel, Outlines, $ 510. 

i Boer and Miidlur, Beitruge, p. 117-125. 

I M&dler, in Schimiaclie.''s A$tr. Naehr,, No. 192. 
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The Small Planets. 

We have already, in the general consideration* of the 
planetary hodies, characterized the group of smaU planets 
{iisteraids, planetoids, co-planets, telescopic or tdtra-zodiacal 
planets) under the name of an intermediate group, which, 
to a certain extent, forms a zone of separation hetween the 
four interior planets (Mercury, Venus, the Earth, and Mars), 
and the four exterior planets of our solar system (Jupiter, Sat- 
urn, Uranus, and Neptune). - Their most distinctive features 
consist in their interlaced, greatly inclined, and extremely ec- 
centric orhits ; their extraordinary smallness, as the diameter 
of Vesta does not appear to equal even the fourth part of the 
diameter of Mercury. When the first volume of the Cosmos 
appeared (1845), only four of the small planets were known : 
Ceres, Pallas, Juno, and Vesta, discovered by Piazzi, Olbers, 
and Harding (between January 1, 1801, and March 29, 1807) ; 
at the present time (July, 1851), the number of the small 
planets has already increased to 14 ; they form numerically 

* Cosmotf vol. iv., p. 101. With regard to the chronology of the dis- 
coYeries of the small planets, compare p. 100 and 131 ; their relations 
of maguitade to the meteor-asteroids (aCrolitesV p. 105. With respect 
to Kepler's corgecture of *he existence of a planet in the great chasm 
between Mars and Jupiter — a coi\jectare, however, which by no means 
led to tho discovery of tho first of the small planets ( Ceret), compare p. 
Ill, 110, and 117, note t. Tho bitter ropruach which has boon Uirnwii 
upon a highly estiMsmed nhilosopher, ** because at a time when he might 
have known of riuzzi's discovery certainly five montlis before, but was 
unacquainted with it, he denied not so much tho probability, as much 
more the necessity of a planet bein&r situated between Mars and Jiipi- 
ter," appears to me to be little justinable. Hegel, in his Distertalio de 
Orbitit PUm$tarum, composed in the spring and summer of 1801, treats 
of the ideas of the ancients of the distances of the planets ; and when 
he quotes the arrangement of which Plato speaks in the Timaut (p. 

35, Steph.), 1 . 2 . 3 . 4 . 9 . 8 . 27 (compare Cosmotf vol. iv., p. 

109, note ;), ho denies the necessity of a chnsm. Ho says only, *'Qiim 
series H verior nainra ordo aU, quam arithmotica progrossio. inter qiiar- 
tnm ct qiiintum locum mngnum esso spntium, noqtio ibi plnnotnm do- 
sidorari appnret." " If tho order of nature is more precise tliaii an 
nritlimetical progression, there appears to bo a great space between 
the fourth and filth place, and that no planet is required there.'* (He- 

fel's Werke, bd. xvi., 1834, ^. 28; and Hesel's lihen vonRosenkranZf 
844, p. 154.) Kant, in his ingenious worR, Naturgetehichte desHim' 
meUf 1755, says merely that at the time of the formation of the planets, 
Jupiter occasioned the tmeUlneta of Mars by the enormous attractive 
force which the former possessed. He pnly once mentions, and then 
'm a very indecisive manner, " the members of the solar system which 
are situated far from each other, and between ^hich the intermediate 
parts have not yet been discovered." Inmianuel Kant, Satnmtliehi 
Werke, th. vi., 1835 p 87, 110, and 196.) 
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the third part of all the 43 known planetary bodies, t, #., of 
all principal and secondary planets. 

Although tho attention of astronomers was long directed 
in the solar regions to increasing the number of the members 
of partial systems — the Moons which revolve round principal 
planets — and to the planets to be discovered in the furthest 
regions beyond Saturn and Uranus, now, since the accidental 
discovery of Ceres by Piazzi, and especially since the foreseen 
discovery of Astrea by Encke, as well as the great improve- 
ments in the star-charts* (those of the Berlin Academy con- 
tain all st^rs as far as the 9th, and partly to the 10th mag- 
nitudes), a nearer space presents to us the richest, and per- 
haps inexhaustible field for astronomical industry. It is an 
especial merit of the Astronomischen Jahrlmch, which is 
published in my native town by Encke, tho Director of the 
Berlin Observatory, with tho assistanco of Dr. Wolfcrs, that 
tho ophomoridos of tho inciuasiiig host of Biauli pluiicts arc 
treated of with particular complotonoss. Up to tho present 
time, tho rogiou ncarust to tho orbit of Mars appears to bo 
tho most filled ; but tho brcadlh of this measured zono is in 
itself more considerable than the distance of Mars from the 
Sun,t ** when the difierence of the radii- veetores in the near- 
est perihelion (Victoria) and the most distant aphelion (Hy- 
giea) is taken mto consideration." 

The eccentricities of the orbits, of which those of Geres, 
Egeria, and Vesta are the smallest, and Juno, Pallas, and 
Iris the greatest, have already been alluded tot above, as 
well as their degrees of inclination toward the ecliptic, which 
decreases from Pallas (34° 37') and Egeria (16° 33') to Hy- 
giea (3° 47'). A tabular view of tho elements of tho small 
planets follows here, for which I am indebted to my friend 
Dr. Galle. 

* With regard to the inflaence of improved star-charts upon the dis- 
covery of the small planets, see Cosmos, vol. iii., p. 116. 

t D* Arrest, Ueber das System der Kldnen Planeten zwisekenMars ttiM 
Jupiier, 1851, p; 8. t Cosmos, vol. iv., p. 102 and 172. 
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The disoovery of a fifteenth new planet (Eunomia) li«* 
just been announced. It was discovered by De Gasparis 
upon the 19th of July, 1851. The elements, which have 
been calculated by Riimker, are the following : 

Epoch of mean longitude in mean Greenwich time. } Oct I'o 

Mean longitude ^.. 32 1° 25' 29" 

Longitude of perihelion 27 35 38 

Longitude of ascending node 293 52 55 

Iiiclmation 11 48 43 

Eccentricity 0188402 

Half major axis 2*64758 

Mean of motion 823*630 

Period of revolution 1574 days. 

The mutual relation of the orbits of the asteroids and the 
enumeration of the individual pairs of orbits has been made 
the subject of acute investigation, first by Gould* in 1848, and 
more recently by D* Arrest. The latter says, '* The strongest 
evidence of the intimato connection of the whole group of 
small planets appears to bo, that if the orbits are supposed to 
bo roprosontod materially as hoops, thoy all hang togcllicr in 
such a maimer that the whole group may bo replaced by au} 
given one. If it so happened that Iris, which Hind discov- 
ered in August, 1847, was still unknown, as many other bod- 
ies in this region certainly are, the group would consist of twe 
separate parts — a result which must appear so much the more 
unexpected, as the zone which these orbits occupy in the solar 
system is wide."t 

We can not take leave of this wonderful group of planets 
without mentioning, in this fragmentary enumeration of the 
individual members of the solar system, the bold view of a 
gifted and deeply investigating astronomer as to the origin of 
the asteroids and their intersecting orbits. A result deduced 
from the calculations of Gauss, that Geres approaches extreme- 
ly near to Pallas in her ascending passage through the plane 
of that planet's orbit, led Olbers to form the conjecture that 
" both planets, Geres and Pallas, maybe fragments of a sin- 
gle large principal planet which has been destroyed by some 
natural force, and formerly occupied the gap between Mars 
and Jupiter, and that the discovery of an additional number 
of similar fragments which describe elliptical orbits round the 
Sun, in the same region, may be expected."]: 

* Benjamin Althorpe Gould (now at Oambridge, Massachnsetts, 
[J. S.), Untertiiekungen aber die gegenteitige Lage der Bahnen zwi$eke9 
Mam und Jupiter, 1848, p. 9-12. t U'Arrost, op. cit., p. 30. 

t Zacli, Monall. Ci^rrcap., bd. vi., p. 88. 
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The possibility of determining by calculation, oven approx- 
tmativoJy, the epoch of such a cosmioal event, which it is sup- 
posed would be at the same time the epoch of the formation 
of the small planets, remains more than doubtful, from the 
complication produced by the already large number of the 
'* fragments" known, the peculiar retrogression of the apsides, 
and motion of the nodes.* Olbers describes the region of the 
nodes of the orbits of Ceres and Pallas as corresponding to 
the northern wing of the Virgin and the constellation of the 
Whale. Certainly Juno was discovered in the latter by 
Harding, though accidentally, in the construction of a star- 
catalogue, scarcely two years after the discovery of Pallas, 
and even Vesta in the latter, after a long search during five 
years, conducted upon hypothesis. This is not the place to 
determine whether these results alone are sufficient to estab- 
lish the hypothesis. The cometary clouds, in which the small 
planets were at first supposed to be enveloped, have disap- 
peared on investigation with more perfect instruments. The 
considerable changes of light to which they were said to be 
object were ascribed by Olbers to their irregular figure as 
Doing ** fragments of a smgle destroyed planet."t 

JUFITER. 

The mean distance of Jupiter from the Sun, expressed in 
fractional parts of the Earth s distance from the central body, 
amounts to 6*2027G7. The true mean diameter of this plan- 
et, the largest of all, is 77,17G geographical miles ; equal, 
therefore, to 11* 255 terrestrial diameters, about one fifth great- 
er than the diameter of the more remote Saturn. His side- 
real revolution occupies lly. 314d. 20h. 2m. 7s. 

The flattening of Jupiter, according to the measurements 
by Arago with the prismatic micrometer (which were intro- 
duced into the Exposition du Systeme du Monde^ p. 38), 
is as 167 : 177, consequently yl.y, which agrees very closely 
with tho later determination (1839) of Beer and Madler,t 

* GauBS, MonatU Corretp., bd. xxvi., p. 290. 

t Mr. Daniel Kirkwood (of the Pottsville Acndomj) has ventured 
apou the undertaking of restoring the exploded primitive planet from 
the fragmentanr remains in the same manner as the animals of the prim- 
itive £irth. He finds for it a diameter greater than Mars (of more 
than 4320 geographical miles), and the slowest rotation of all the prin* 
cinal planets— a length of day of fidy-sevon hours and a half. {Repoii 
of the British Attoe., 1850, p. xxxv.) 

t Beer and M&dler, Beitrdge xur Phyt. Kennini$$ der Html* Kirpeti 
p. 104-106. Older and less certain oMervations by Hussey gave -^^^ 
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who found the flattening to be between j^tf and ^f ^. Han- 
sen and Sir John Herschel give the preference to ^, The 
earliest observation of the flattening, by Dominique Gassini, 
is older than the year 1666, as I have already pointed out 
elsewhere. This circumstance has an especial historical im- 
portance, on account of the influence which, according to Sir 
David Brewster's acute remark, the discovery of this flatten- 
ing by Cassini exercised upon Newton's ideas as to the figure 
of the Earth. The Principia Philosophic^ Naturalis bears 
witness to this, but the epochs at which the Principia and 
Cassiui's observation of equatorial and polar diameters of 
Jupiter appeared, might excite chronological doubts.* 

As the mass of Jupiter after that of the Sun is the most 
important element of the whole planetary system, its accurate 
determination, which has recently been enbctcd through the 
disturbances of Juno and Vesta, as well as by the elongation 
of his satellites, especially the fourlh.t niust bo consideiod as 
one of the most productive improvements of calculating astron- 
omy. The value of the mass of Jupilor is greater now than 
formerly ; that of Mercury, on the contrary, smaller. The 
former, together with that of the four satellites, is rvrf ttt> 
while Laplace gave it as t7tV-774 

Jupiter's period of rotation is, according to Airy, 9h. 55' 
21 '''3 mean solar time. Dominique Cassini flrst found it 
(1665) to be between 9h. 55m. and 9h. 56m., by means of a 
spot which was visible} for many years, even indeed to 1691, 
and was always of the same color and outline. Tho greater 
part of these spots are of greater blackness than the streaks 
upon Jupiter. They do not, however, appear to belong to 

Laplace {Syit, du Afonde, p. 266) found it theoretically betwecD -Jj 
and ^, with increasing density of the strata. 

* Newton's immortal work, Philosophia Naturalis Principia Matht 
matiea, appeared as early as May, 1687, and the papers of the Paris 
Academy did not contain the notice of Oassini's determination of the 
flattening (-r-^) until the year 1691 ; so that Newton, who might cer- 
tainly have Known of Richer's pendulum-experiment at Cayenne, from 
the account of tho journey printed in 1679, must have become acquaint* 
ed with the configuration of Jupiter by verbal intercourse and the act- 
ive correspondence of that time. Wiih regard to this subject, and the 
only apparent early acquaintance of Huy^ens with the pendulum-ex< 
penment of Richer, compare Cosmo*, vol. i., p. 165, note, and vol. ii., 
p. 146, note. 

t Airy, in the Mem. of the Royal Astron. Soe,, vol. ix., p. 7 ; vol. x., 

p. 43. 
t As early as the year 1824. (Laplace, op. eit., p. 207.) 
i Delambre, Hist, de f Astron. Mod., tom. ii., p. 754. 
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the surface of the planet itself, as they sometimes have a dif 
ferent velocity from that of the equatorial regions. Accord- 
ing to a very experienced observer, Heinrich Schwabe, of Des- 
sau, the dark, more sharply-bounded spots have been several 
years in succession exclusively peculiar to the two gray gir 
dies bordering upon the equator, sometimes the north and 
sometimes the south. The process of spot-formation is, there- 
fore, locally variable. Schwabe's observations, made in No- 
vember, 1834, likewise show, that the spots on Jupiter, seen 
with a 280-fold magnifying power in a Fraunhofer telescope, 
sometimes resemble the small nucleoid spots surrounded by 
a halo upon the Sun. But still their darkness is less than 
that of the satellite shadows. The nucleus is probably a part 
of the body of Jupiter itself, and if the atmospheric opening 
remains fixed above the same spot, the motion of the spots 
gives the true rotation. They also separate sometimes, like 
the Sun-spots, as Dominique Cassini discovered as early as 
1GG6. 

In the equatorial zone of Jupiter are situated two broad 
principal streaks or girdles, of a gray or grayish-brown col- 
or, which become paler toward the edges, and finally disap- 
pear entirely. Their boundaries are very irregular and va- 
riable ; both are separated by an intermediate bright equa- 
torial streak. Toward the poles, also, the whole surface is cov- 
ered with numerous, narrower, paler, frequently interrupted, 
even finely branched streaks, always parallel to the equator. 
" These phenomena,'* says Arago,* " are most easily explain- 

* ** On salt qu'il existe an-dessus et aa-dessoos de P^qnateur de Ja* 
piter deux bandes moiDs brillantes qne la surface g^n^rale. Si on les 
examino avec une lunette, elles paraissent moins distinctefl k mesure 
qn'elles B*^loienent du centre, et m^me elles deviennent tout-&-fait in- 
visibles pres aes bords de la plandte. Toutes ces apparences s'expli- 
quont en admettant Poxistence d'ane atmosphere de nuages inter* 
rompuo anx environs do ]'6quatear par une zone dtaptiane, prodnito 
poat-^tro par les vents alis^s. L'atmosnhdre do nnngos h^fleohissant 
plus do ]umi6re quo lo corps Bolide de Jupitor, los parties de ce corns 
quo I'on verra k travers la zone diaphane, aurout moins d'^lat que lo 
rosto et formoront les bandes obscures. A mesure qu'on s*61oignera dn 
centre, le rayon visuel de I'obsorvateur travorsera dos ^naisseurs de plus 
en plus grandes da la zone diaphane, en sorte qu'& la lumiere r^fldchie 
par le corps solide de la plandte s*igoutera la lumidre r^fl6chie par cette 
zone plus ^paisse. Les bandes seront par cette raison moins obscures 
on B*6loignant du centre. Enfin aux bords m6mes la lumiere r^^chie 
par la zone vue dans la j^ilus grande ^paisseur pourra faire dispamltro la 

alors d'aper 
di£Eftrence. On 
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able by assuming the eidstence of an atmosphere partially 
condensed by strata of clouds, in which, however, the region 
resting upon the equator is free from vapor and diaphanous 
probably in consequence of the trade- winds. Since, as Will- 
iam Herschel already assumed in a treatise in the 83d vol. 
of the Philosophical Transactions, which appeared in 1793, 
the cloud-surface reflects a more intense light than the sur- 
face of the planet, so that part of the ground which we see 
through the clearer air must have less light (appear darker) 
than the strata of clouds reflecting large quantities of light. 
On that account gray (dark) and clear bands alternate with 
each other ; the former appear so much the less dark-colored 
in proportion to the distance from the center, when, the visual 
radius of the observer being directed obliquely toward the edge 
of the planet, at a small angle, they are seen through a larger 
and thicker mass of atmosphere, reflecting more light. 

ubsorvo dans loa pnvs do moiitagnes quolquo chose d'aDalo^o : quand 
on so trouvo pr6s d'un fordt do siipiii, olle paratt noire ; inuia k moaura 
qu'ou a*ou 61oigiio, lea cuuclioa d'atinosphdro iutoqiOB^ea dovienuoiit do 
pliia oil plus 6pais8os ot rvlI6chis8ont do la luQii6i*e. La diffi&renco do 
teinte entre la fordt et les objets voisins dimiuue do plus en plus, elle 
finit par so confondre avec eux, si Ton s'en ^loigne d'une distance con- 
venable." (From Arago's Reportt on Astronomy, 1841.) " It is known 
that there exist above and below the equator of Jupiter two bands less 
brilliant than the general surface. If these are examined w;ith a tel- 
escope, they appear less distinct in proportion as the distance from the 
center increases, and they even become quite invisible near the edges 
of the planet. All these appearances ma^ be explained by admitting 
the existence of an atmosphere of clouds, interrupted near the equator 
by a transparent zone, produced, perhaps, by the trade-winds. The at- 
mosphere of clouds reflects more light than the solid body of Jupiter. 
Those parts of him which are soon through the transparent zone would 
have loss brightness than the remainder, and would form obscure bands. 
In proportion as the distance from the center increases, the visual ray 
of the observer traverses greater and sreater thicknesses of the trans 
parent zone, in such a way that to the light reflected by the solid body 
of the planet is added the light reflected by the denser zone. The 
bands would be, from this reason, less obscure the greater the distance 
from the center. Finally, at the very edges of the planet's disk, the 
light reflected by the zone, seen in its greatest thickness, would cause 
tlio diflbronco of intensity which oxiBte<I between the quantities of light 
ruflocted by the planet and by the atmosphere of clouds to disappear, 
and the bands which exist only in virtue of that difierence would cease 
to be visible. Something analogous is observed in mountainous coun- 
tries; in the neighborhood of a forest of fir-trees they appear black, 
but in proportion as the observer removes to a fi;reater distance, the 
interposed atmospheric strata become thicker and thicker, and reflect 
li^ht. The diflerence of tint between the forest and the objects near 
diminishes more and more, and ends by their being confounded to 
gether on removing to a sufficieut distance." 
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' ' The Satellites qp Jupiter. "•, 

. Even 80 early as the brilliant epoch of Galileo, the 'correct * 
opinion was formed that the subordinate planetarif M/$tm 
of Jupiter might present, in many relations of space and time, ; 
a picture in miniature of the Solar System.- This view, rap- 
idly difiused at that time, as well as the discovery, shortly '. 
allerward, of the phases of Venus (February, 161<0), contrib- 
uted greatly to the general introduction of the Oopernioan 
system. The quadruple group of satellites of Jupiter is the 
only ong of \hn exterior principal planets which has not been 
increased by any new discovery, dujdng a period of nearly 
two centuries and a half, since the epoch of their first dis- 
covery by Simon Marius on the 29th of December, 1.609. 

The following table contains the periods of sidereal ^revo* 
lution of the satellites, of Jupiter; their mean distances ex- 
pressed in diameters of the primary, their diameters in geo- 
graphical miles, and their masses as parts of the mastf of 
Jupiter. * 



SateUUet. 


Period of Rer- 
olutioii. 


Distance from 
Jupiter. 


Diameter in 
Geogr. Milei. 


Mass. . 


. 1 
2 

d 

4 


dU b. n. 

1 18 28 

3 13 14 

, 7 3 14 

16 16 32 


6,049 

9,623 

15,350 

26,998 


2116 
1900 
3104 ' 
2656 


00000173281 
0-0000232355 
000008134972 
0r00004265Sll 



If tttVttt^^P'^'B^b the mass of Jupiter with his satel- 
lites, then his mass without the, satellites is ttt/ttt* ^"^y 
about Y^'^T smaller. 

The comparisons of the magnitudeSt distances, and ec- 
centricities with other satellite systems has already been, 
given (Cosmos, vol. iv., p. 105-127). The luminous inr 
tensity of Jupiter's satellites is various, and not in propor- 
tion to their volume, since, as a general rule, the third and 
iho firstf whose relation of magnitude is as 8 : 6, appear the 
brightest. The smallest and densest of all — the second — ^is. 
generally brighter than the lBj:geT fourth, which is ordinarily 
called the least luminous. Accidental (teihporary) fluctua- 
tions in the luminous intensity have, as already remarked; 
been ascribed sometimes to changes of the surface, sometimes 
to obscurations in Xh.6 atmosphere of the satellites.* They 
all appear, moreover, to reflect a more intense light .than the ' 
primary. . When the Earth is situated between Jupiter and 
the Sun, and the satellites, therefore, moving froi^ east to ^ 

* Sir John Herbchel, OutUnet, $ 540. 

VoL.rv.— H 
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west, apparently enter on the eastern edge of Jupiter, they 
hide from us, in their passage, successive portions of the disk 
of their primary, and can bo perceived "with telescopes of 
moderate power, since they stand out in luminous rdief 
from* the disk. The visibility of the satellite is attended 
with more difficulty the nearer it approaches the center of 
the primary. From this phenomenon, which was early ob- 
served. Pound, Newton's and Bradley's friend, inferred that 
the disk was less luminous near the edge than at the center. 
Arago considers that this assumption, renewed by Messier, 
involves difficulties which can only be solved by new and 
more delicate observations. Jupiter was seen without any 
satellites by Molyneux in November, 1681 ; by Sir William 
H^rschel on the 23d of May, 1802 ; and, lastly, by Griesbach, 
on the 27th of September, 1 843 . Such a non-visibility of tlie 
satellites has reference, however, to the space without the 
disk of Jupiter, and is not inconsistent with the theorem that 
all the four si^tcllitcs can not bo eclipsed at ouo time. 

Saturn. 

The period of sidereal or true revolution of Saturn is 29y . 
166d. 23h. 16m. 328. His mean diameter is 62,028 geo- 
graphical miles, equal to 9022 terrestrial diameters. The 
period o[ rotation, deduced from the observation of some dark 
spots (knot-like condensations of the bands) upon the surface,* 
is lOh. 29m. 178. Such a great velocity of rotation corre- 
sponds to the considerable^^^enin^. William Hersdhel esti- 
mated it, in 1776, at j^.j ; Bessel, after corresponding observ- 
ations during a period of more than three years, found that at 

* The earliest and careful observationB of William Herachel, in No- 
vember, 1793, gave for Satarn'a period of rotation lOh. 16m, 44b. It 
has been incorrectly attributed to the great philosopher, Immanuel 
Kant, that he conjectured the period of Saturn's rotation from theo- 
retical considerations in his Allgemeinen NcUurgetehiehte det Himmeli, 
forty years before Herschel. The number that he gives is 6h. 23m. 
538. He cftlls his determination ^' the mathematical calculation of an 
unknown motion of a heavenly body, which is, perhaps, the only pre^ 
dietioH of that kind in pure Natural Philosophy, and awaits confirma- 
tion at a future period.*' This confirmation of his conjecture did not 
take place at all; observations have shown an error of | of the whole, 
t. «., of four hours. In the same work it is said respectmg ^e ring of 
Saturn, '' that in the aggregation of particles which constitute ft, those 
of the inner edge complete their revolution in 10 hours, those of the 
external edge in 15 hours. The first of these ring-numbers is the only 
.one which accidentally comes near the planet's observed period of n^ 
tution ( 1 Od. 29m. 17s.). Compare Kant, SdmnUliehe }V€rk§, tli. vi., 1389 
p. 135 and 140. 
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a mean distanco the polar diameter was 16"'381 ; the equato* 
rial diameter 17'''Q53, consequently a flattening of ^f ^ .* The 
body of the planet has also ribbon-like stripes, which are, how- 
ever, less perceptible, though, at the same time, rather broader 
^iian those of Jupiter. The most constant of them is a gray 
eqtuUorial stripe. Next to this follow several others, but 
with variable forms, indicating an atmospheric origin. Will- 
iam HenTchel did not always find them parallel to the rings, 
neither do they extend as far as the poles. The region round 
the poles presents a very remarkable phenomenon, a change 
in the reflection of light which is dependent upon> Saturn's 
seasons. This region is more brightly luminous in winter, a 
phenomenon which calls to mind the variable snow-region of 
Mars, and did not escape the penetration of William Herschol. 
Whether such an increase of luminous intensity is to be a^* 
cribed to the temporary formation of ice and snow, or to kn 
extraordinary accumulation of clouds,t it is still indicative of 
the action of changes in temperature, and of the existence of 
an atmosphere. 

Wo have already stated the mass of Saturn to be jjjy.g , 
it, together with the enormous volume of the planet (its diam- 
eter is I of the diameter of Jupiter), leads us to infer a very 
small density decreasing toward the surface. If the density 
were quite homogeneous d^ of that of water), the flattening 
would bo still greater. 

The planet is surrounded iii the plane of its equator with 
at least two fully suspended and extremely thin rines, both 
situated in the same plane. Their luminous intensity is great- 
er than that of Saturn itself, and the outer ring is still brighter 
than the inner.t The division of the ring seen by Huygenv 
in 1655, as a single one,} was indeed observed by Dominique 

* Laplace (Expot. du 8y»t, dn Monde^jD. 43) estimates the flattening 
at yi|>. The extraordinary deviation of Saturn from the spheroidal fig 
nre, according to which William Herschel, after a series of laborious 
observations, made with very dilTorent telescopes, found the tntiior axis 
of the planet, not in the equator itself, but in a diameter which intet>* 
sected the equatorial diameter at an angle of about 45^, was not con- 
firmed by Bessel, but found to be incorrect. 

t Arago, Annuaire for 1842, p. 555. 

X This difference in the luminous intensity of the outer and inner 
rinp^ was also stated by Dominique Cassini (M€m, de VAeadinUe det 
Seteneeif ann6e, 1715, p. 13). 

$ Cotmoif vol. ii., p. 323. The ptiblie announeemeni of the discovery^ 
or, rather, the complete exnlanation of all the plienomnna which ate 
presented by Saturn and his ring, did not tnke place until the yeuf 
1659, four years afterward, in the 8y$Uma Satumium, ' 
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Oassini in 1675, but first accurately described by William Uer 
schel in 1789^1792. Since Short's time the outer has been 
found to be streaked by numerous fine stripes, but those lines 
or stripes have never been constant. Very recently, during 
the latter months of the year 1850, a third very pale, feebly 
luminous, and darker ring has been discovered between the 
planet and the ring hitherto called the inner one. The dis- 
covery was made nearly simultaneously by Bond, at Cam- 
bridge (U. S.), on the 11th of November, by means of the 
great refractor of Mcrtz with a fourtoen-inch object-glass, and 
by Dawos, near Maidstone, on the 25th of November. This 
ring is separated from the second by a black line, and dccu- 
piea the third part of the space, between the second ring and 
the body of the planet, which was formerly stated to be va- 
cant, and through which Derham affirmed that he saw small 
stars. 

The dimensions of the divided ring of Saturn have been de- 
termined by Bessel and Struve. According to the latter, the 
exterior diameter of the outer ring, at Saturn's mean distance, 
appears to us under an angle 40'''09, equal to 153,200 geo- 
graphical miles ; the interior diameter of the same ring, un- 
der an angle of 35"'29, equal to 134,800 geographical miles. 
For the exterior diameter of the inner (second) ring is ob- 
tained 34'''47 ; for interior diameter of the same ring, 26"*67. 
Struve fixes the space between the last-mentioned ring and 
the surface of the planet at 4'''34. The entire breadth of the 
first and second rings is 14,800 miles ; the distance of the 
rings fron^ the surface of Saturn, about 20,000 ; the space 
which separates the first from the second ring, and which 
represents the black lino of division seen by Dominique Cas- 
sini, is only 1560 miles. The mass of the rings is, according 
to Bessel, y|j of the mass of Saturn. They present a few 
elevations* and irregularities, by means of which it has been 
possible to determine approximatively their period of rotation 
— exactly the same as that of the planet. The irregulari- 
ties of form become perceptible on the disappearance of the 
rings, when one is generally lost sight of before the other. 

A very remarkable phenomenon was discovered by Schwabe, 
at Dessau, in September, 1827 — ^the eccentric position of Sat- 
um. The ring is not concentric with the planet itself, but 

* Bach moantain-like ineqaalities of surface have recently been again 
noticed by Laasell in Liverpool, by means of a twenty-feet reflecting 
telescope of bU own construction. — Report of the BrilUh A$$oci€Uion, 
1850, p. 35. 
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the latter is situated Bomewhat to the westward. This ob- 
senration has been confirmed — ^partly by micrometrical meas- 
urements — ^by Harding, Struve,* John Herschel, and South. 
The small difierences in the degree of eccentrioityi appearing 
periodically, which result from Uie porresponding observations 
of Schwabe, Harding, and De Yico in Rome, are perhaps con- 
sequences of oscillations of the center of gravity of the ring 
about the geometrical center of Saturn. It is surprising that, 
BO early as the end of the seventeenth century, a priest of 
Avignon, named Gallet, attempted unsuccessfully to direct 
the attention of astronomers to the eccentric position of Sat- 
um.f With the extremely minute density of Saturn (per- 
haps scarcely } the density of water) and its decrease toward 
the surface, it is difficult to form a conception of the molecU' 
lar condition or material constitution of the body of the plan- 
et, or even to decide whether this constitution actually pre- 
supposes fluidity, i, e., mobility of the smallest particles, or 
solidity, according to the frequently adduced analogies of 
pine wood, pumice-stone, cork, or a solidified liquid --^ico. 
Homer, the astronomer of the Krusonstern expedition, calls 
the ring of Saturn a train of clouds ; he maintains that the 
mountains of Saturn consist of masses of vapor.t Conjec- 
tural astronomy exercises here an unrestricted and tolerated 
play. Of an entirely diflercnt nature are the serious specu- 
lations of two distinguished American astronomers, Bond and 
Peirce, as to tho possible stability of Saturn's rings, founded 
upon observations and the analytical calculus, f Both agree 

* Oompare Harding's Kleine Ephemeriden for 1835, p. 100; and 
Stmve, in Schumacher's A$tr, Nachr.j No. 139, p. 389. 

t In the Aetis Eruditorum pro anno 1684, p. 424, is an extract from 
the Syttema Phanomenorum SeUumi, autore Galletio, proposito eccl. 
Avenionensis : ** Nonuunquam corpas Batumi non exacte annuli medium 
obtinere visam fuit. Hinc evenit, nt, quum planeta orientalis est, cen- 
trum ejus oxtrohiitati orientali nnmdi propius vidoatur, ot major pars 
ab occidontali latere sit cum amplioro obscnritnte.'* "Soinotimos the 
mass of Saturn appenro<l not to reach exaeUif the midtUe of hi* ring. 
Hence it happens that when that nianet is in the emit, his center apiioars 
nearer to the eastern extremity or the ring, and the grtmter jmrt is away 
from the western side witli greater obscurity." 

t Horner, in Gohlen's Neuem Phy»ik* IVdrlerb,, bd. viii., 1 836, p. 174. 

$ Benjamin Peirce, On the Constitution ofSatumU King, in Gould's 
Aitron. Journal^ 1851, vol. ii., p. 16. "The ring consists of a stream 
or of streams of a fluid, rather denser than wnff^r, flowing round the 
primary." Compnre nlno SiUininii's Amer. Journal, nor. li., vol. xii., 
1851, p. 99; and with regard to the superficial ine(|uaHties of the ring, 
as well as disturbing and consequently pretertnng influences of the sat* 
alUtos Sir John Herschel, Outline*, p. 320. 
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in their lesults in favor of fluidity, as well as continuous van* 
ability in the figure, and divisibility of the outer ring. The 
permanence of the whole is considurcd by Peirce as depend* 
ent upon the influence and position of the satellites, because 
without this dependence, even toith inequalities in the ring, 
the equilibrium could not be maintained. 

The Satellites of Saturn. 

The five satelHtes of Saturn which have been known lon- 
gest were discovered between the years 1655 and 1684 (!7V- 
tan^ the sixth according to distance, by Huygens ; and four 
by Cassini, viz., Japetus, the outermost of all, RJiea, Tethys, 
and Dione), These were followed by the discovery, by Will- 
iam Herschel, in 1789, of two, Mimas and Enceiadus, situ- 
ated nearest to the planet. Finally, the seventh satellite, 
Hyperiont the last but one according to distance, was dis- 
covered almost simultanoonsly by Bond, at Oainbridgo (U. S.), 
and by LassoU at Liverpool, in De])toinbor, 1848. The rela- 
tive magnitudes and relations of distances in this partial sys- 
tem have boon already treated of. {Cosmos » vol. i., p. 97 ; 
vol. iv., p. 105-118.) The periods of revolution and the 
mean distances, the latter expressed in fractional parts of the 
equatorial radius of the primary, are, according to the observ- 
ations instituted by Sir John Herschel at the Cape of Good 
Hope,* between 1835 and 1837^ the following : 
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1. Mimas 


22 37 229 
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2. Enculodus 


1 8 53 G7 


4-3125 
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3. Tethys 


1 21 18 25-7 


5-339G 
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4. Diouo 


2 17 41 8-9 


6-8398 
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5. Rhea 


4. 12 25 10-8 


9-5.528 
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6. Titan 


15 22 41 25-2 


22-1450 
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7. Hyperion 


22 12 ? 


280000? 


b 


8. Japetus 


79 7 53 40-4 


64-3590 



Between the first four satellites nearest to Saturn a re- 
markable relation of comm^ensurability in the period of rev- 
olution presents itself The period of the third satellite ( Te- 
thys) is double that of the first {Mimas) ; that of the fourth 
{Dione) double that of the second {Encdadus), The close* 

^ Sir John Heracbel, ReaulU of A$tron, Obtervation* at the Cape of 
Good Hope, p. 414-430 ; tlie same, iu the Outlines of Attr., p. 650, and 
upon the law of distances, $ 550. 
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ness of this relation extends to ^^^ of the longer periods. 
This unnoticed result was communicated to me by Sir John 
Herschel in a letter as long back as 1845. The four satel- 
lites of Jupiter present a certain regularity in their distances, 
forming very nearly the series 3, 6, 12. The distance of the 
second from the first, expressed in diameters of Jupiter, is 
3*6 ; the distance of the third from the second, 5'7 ; that of 
the fourth from the third, 11*6. Moreover, Fries and Ohal- 
lis have endeavored to provo the so-called law of Titius in all 
^tellite systems, even m that of Uranus."**' 

Uranus. 

The acknowledged existence of this planet, the great dis- 
covery of William Herschel, has not only increased the num- 
ber of the principal planets known for thousands of years, and 
more than doubled the diameter of the solar regions — it has 
also, after the lapse of sixty-five years, led to the discovery of 
Neptune, through the disturbances which it underwent uom 
the influence of the latter. Uranus was discovered accident- 
ally (13th Mar^h, 1781), during th*e examination of a small 
group of stars in Gemini, by its small disk, which, with mag- 
nifying powers of 460 and 932, increased far more consider- 
ably than was the case with other adjacent stars. The saga 
cioiis discoverer, so thoroughly acquainted with all op^tcoZ phe- 
nomena, also ob^rved that tho luminous iutcnsitv decreased 
considerably in proportion as stronger magnifying powers 
were employed, while in the. fixed stars (6th and 7th magni- 
tude) it ^mained nearer the same. 

When Herschel first announced the existence of Uranus, 
he called it a comet ^i and it was only by the united labors of 
8aron, Lexell, Laplace, and M6chain, which were consider- 
ably facilitated by the discovery made by the meritorious 
Bode, in 1784, of the previous observations of tho planet by 
Tobias Mayer (1756) and Flamstcad (1690), that tlio ellip- 
tical orbit of Uranus and tho whole of its planetary elements 
were determined wilh admirable celerity. According to Han- 
sen, the mean distance of Uranus from the Sun is 1,918,239, 
or 1585 million geographical miles; his period of sidereal 
revolution 84y. 5d. 19h. 4lm. 36s.;' the inclination of his 
orbit to the ecliptic, 0^ 46' 28" ; his apparent diameter at 

* Flics, Vorletungen fiber die Siemkund; 1833, p. 325 ; Oballis, in the 
Tran»act. of the Cambridge Philot. Society, vol. in., p. 171. 

t William Herschel, Account of a Comet in the Phtlos. Tran»«cU for 
1781, vol. Uxi., p. 492. 
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the mean distance from the Earth, 9''*9. His mass, which 
was determined as ttttt ^^^ ^^o ^^^ observations of the 
satellites, is, according to Lament's obsenrations, only ^ ^ jj ; 
consequently his demUy would be between those of Jupiter 
and Saturn.* A flattening of Uranus was already conjee-, 
tured by Herschel from his observations with magnifying 
powers of from 800 to 2400. According to Madler's meas- 
urements in 1842 and 1843, it would appear to fall between 
i^.y and ^^y.t The original supposition that Uranus had 
two rings was found to be an optical illusion by the discoverer 
himself, in all cases so cautious and persevering in confirming 
his discoveries. 

The Satellites of U&anus. 

" Uranus," says Sir John Herschel, " is attended by satel- 
lites — ^four, at least, probably five or six." They present a 
groat and hitherto unparalleled peculiarity, viz., that while, 
all satellites (those of the Earth, of Jupiter, of Saturn), as 
well as all the i)riucipal planets, move from west to oast, and 
with the exception of a low asteroids, in orbits not mucli in- 
clined toward the ecliptic, the satellites of Uranus move from 
east to west in orbits which are nearly circular, and form an 
angle of 78^ 58' M'ith the ecliptic — ^very nearly perpendicu- 
lar to it. In the case of the satellites of Uranus, as well as 
those of Saturn, the arrangement and nomenclature, accord* 
ing to their distances from the primary, are to be distin- 
guished from the arrangement according to the epoch o/' 
discovery. According to a private communication from ^i 
John Herschel (November 8th, 1851), Mr. Lassell has dis- 
tinctly observed on the 24th, 28th, and 30th of October, and 
2d of November of the above year, two satellites of Uranus 
which appear to be situated still nearer to the primary than 
the first satellite observed by Sir William Herschel, to which 
he ascribed a period of revolution of about 5 days and 21 
hours, but which was not recognized. The periods of revo- 
lution of the two satellites now seen by Lassell were near to 
4 and 2\ days. Of the satellites of Uranus, the second and 
fourth were first discovered by William Herschel in 1787, 
then the first and fidh in 1790, and, finally, the sixth and 
third in 1794. .During the fifty-six years wluch have elapsed 
since the last discovery of a Uranus satellite (the third), the 

* Cotmos, vol. iv., p. 119. 

t M&Jlor, in Schumacher's A»ir, Naehr,, No. 493. (With regard to 
the niiltonhig ofUmims, compare Arago,i4njiii«^>« fur 1842, p. 577-579.) 
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existence of six Batellites has frequently been unjustly doabt« 
ed ; the observations of the last twenty years have ffradually 
proved how trustworthy the great discoverer of Slough has 
been in this as in all other branches of planetary astronomy. 
Those satellites of Uranus which have been seen again up to 
this time are the first, second, fourth, and sixth. Perhaps it 
may be ventured to add the third, after the observations of 
Lassell on the 6th of November, 1848. On account of the 
large opening of his reflecting telescope, and the abundance 
of light thus obtained, the elder Herschel considered that 
with the sharpness of his vision, under favorable atmospheric 
circumstances, a magnifying power of 157 was sufficient ; his 
son recommends, in general, a power of 300 for these ex- 
tremely small luminous disks (luminous points). The second 
and fourth satellites were seen again the earliest, the most 
frequently and positively by Sir John Herschel, from 1828 to 
1834, in Europe and at the Cape of Good Hope, subsequently 
by Lament at Munich and Lassell at Liverpool. The first 
satellite of Uranus was found by Lassell (September Hth to 
November 9th, 1847), and by Otto Struve (October 8th to 
December 10th, 1847). The outermost (the sixth) by La- 
ment (October 1st, 1837). The fiflh appears never to have 
been seen again, and the third not satisfactorily enough.*' 
The particulars here nut together are not without importance, 
also for tho reason that they tend to excite caution in not 
placing too much confidence in so-called negative evidence. 

Neptune^^ 

The merit of having successfully conducted and announced 
an inverse problem of disturbance, that '* of deducing from 
the given disturbances of a known planet the elements of an 
unknown one," and even of having, by a bold prediction, oc- 
casioned the important discovery of Neptune by Galle on the 
23d of September, 1846, belongs to the faculty of acute rea- 
soning and the persevering industry of Leverrier.f This is, 
as Encke expresses himself, the most brilliant of all planeta- 
ry discoveries, because purely theoretical investigations have 
rendered possible the prediction of the existence and the 
place of the new planet. The celerity with which the plan- 

* For the observations of Lassell at Starfield (Liverpoop, and of Otto 
Struve, comnaro Monthly Notiett of the Royal Aitron. Soe.t vol. viii., 
1848, p. 43-47 and 135-139 ; also Schum., Astr, Nachr., No. 623, p. 8G5 

t Berhard von Lindenau, Beitrag xur Oaehiehte der Nepfum-Eni' 
depkungt in tho supplementary sheet to Schum. A$ir, Naehr», 1849, p. 17 

H 2 
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et was afterward found was itself favored by the excelleut 
star-chart drawn up by Bremiker for the Berlin Academy.* 

While among the distances of the exterior planets from the 
Sun, that of Saturn (9-53) is nearly double as great as the 
distance of Jupiter (5*20), the distance of Uranus (19*18) is, 
however, more than double that of Saturn ; so the distance 
of Neptune (30*04) is less than that which would be re- 
quired for a repeated doubling of the distance by full ten 
times the distance of the Earth from the Sun, ». e., an entire 
third of Neptune's distance from the Sun. The planetary 
boundaries were at that time 2484 million of geographical 
miles from the central body. By the discovery of Neptune, 
^ the landmark of our planetary knowledge has been advanced 
more than 892 million miles further (more than 10*8 times 
the distance of the Sun from the Earth). According as the 
disturbances are recognized which each last planet expe- 
riences, so will other planets bo gradually discovered which 
now remain invisible by moans of our telescopes on account 
of their remoteness. t 

According to the most recent determinations, Neptune's 
period of revolution is 60126*7 days, or 164 years and 226 
days, and his half major axis 3003628. The eccentricity 
of his orbit, next to that of Venus the smallest, is 0087 1946 ; 
his mass, ttItt > ^^^ apparent diameter ^ according to Encke 
and Galle, 2'''70, according to Challis even 3"*07, which 
gives as his density ^ in comparison with the Earth, 0*230 ; 
greater, therefore, than that of Uranus 0*173.$ 

Soon after the first discovery of Neptune by Galle, a ring 
was ascribed to him by Lassell and Challis. The former em- 
ployed a magnifying power of 567, and endeavored to determ- 
me the considerable inclination of the ring to the ecliptic ; but 
subsequent investigations have, as long before in the case of 
Uranus, contradicted the opinion of the existence of a ring 
round Neptune. 

I dare scarcely allude in this work to the certainly earlie' 
labors of the distinguished and acute English geometrician, 

* A$tr, Nachr., No. 580. 

t Leverrier, Rechercha tur let Mouvement de la Planite Her$ehd, 

1846, in the CannaUsanee de$ Tempt pour Pan 1849, p. 254. 

t The very important element of the matt uf Neptune has been grad- 
.« . 1 1. . 1- _ ._ Ai ■ -fording to 

Sir John 

Otto and 

Augoit StruvoT' The last result hai been 'mlupiod in the text. 
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Hr. Adams, of St, John's College, Cambridge. The historic- 
al facts which refer to these labors, and to Leverrier's and 
Galle's happy discovery of the new planet, have been circum- 
stantially and impartially developed from reliable sources in 
two works, by the astronomer royal, Airy, and by Bernhard 
von Lindenau.* Intellectual endeavors, almost simultane- 

* Airy, in the Monthly Notieet of the Royal Agronomical Society ^ vol. 
vit., No. 9 (November, 1846), p. 121-152. Bemhdird von Lindenaa, 
BeUrag zvr Oetchiehte da Neptunt-EtUdeekung, p. l;-32, and 235-238. 
At the instigation of Araso, Leverrier commenced, in the summer of 
1845, his investi^tions of the theory of Uranus. The results of this ins 
vestigation he laid before the Institute on the 10th of November, 1845, 
the 1st of June, 31st of August, and 5th of October, 1846, and puhluhed 
them at the same time ; but the most extensive and important of Lever- 
rier's labors which contained the solution of the whole problem appeared 
in the ConnaUtance det Tempi pour Van 1849. Adams laid the first 
results which he had obtained for the disturbing planet before Profes- 
sor Challis in September, 1845, without having them printed, and, to . 
gether with some alterations in October of the same year, before the 
astronomer royal, still without making them public. The latter re- 
ceived the fiufu results of Adams, with fresh corrections referring to a 
decrease of the distance, in the commencement of September, 1846. 
The young Cambridge geometrician expresses himself upon the chro- 
nological succession of tne investigations which were directed to one 
and the same object with as much modesty as self-denial : " I mention 
these earlier dates merely to show that my results were arrived at in- 
dependently and previously to the publication of M. Leverrier, and not 
witli any intention of interfering witli his Just oinimi to the honor of 
tlie discovery ; for tliere is no doubt that his researches wore first pub- 
lished to the world, and led to the actual discovery of the planet by Dr. ^ 
Qalle ; so that the facts stated above can not detract in the sligntest 
degree from the credit due to M. Leverrier." Since, in the historr of 
the discovery of Neptune, mention is frequently made of an early share 
which the great KSnigsberg astronomer took in the hope already ex- 
pressed by Alexis Bouvard (the author of the tables of Urauus) in the 
year 1834, " of the disturbance of Uranus by a yet unknown planet," 
It willy perhaps, not be unacceptable to many readers of the Cotmot if 
I introduce here part of a letter which Bessel wrote to me on the 8th 
of May, 1840 (therefore two years before his conversation with Sir 
John IJerschel, during his visit to Collingwood) : " You request me to 
give you information as to the planet beyond Uranui. I could indeed 
refer you to friends in KOnigsberg who, from misunderstanding, fancy 
that tiiey know more about the matter than I do myself. I cliose as 
tiie subject of a public lecture delivered upon tlio 28tli of February, 
1840, the development of the connection between attronomiced obicrpa* 
tiont and astronomy. The public know no difference between the two; 
consequently, their opinion was to be corrected. The indication of the 
development of astronomical knowledge from observations naturally 
led to tlie remark that we can by no moans afllrm that our thoorv ex- 
plains all the motions of the planets. Uranus alTorded a proof of this, 
the old observations of which do not at all accord with elements which 
coincide witli the later observations from 1783 to 1820. I believe thai 
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ously directed to the same important end, present in theii 
laudable competition so much the more interest, as they testi* 
fy, by the selection of means, to the present ^stinguished con 
dition of higher mathematical knowledge. 

The Satellites of Neptune. 

While in exterior planets the existence of a ring presents 
itself only in one solitary instance, and its rarity permits of 
the conjecture that the organ and formation of an unconnect* 
od girdle depends upon the conjunction of peculiar and difli* 
cultly fulfilled conditions, so, on the contrary, the existence of 
satellites accompanying the exterior planets (Jupiter, Saturn, 
Uranus) is a phenomenon as universal as the former is rare. 
Lassell discovered with certainty* the first satellite of Nep- 
tune so soon as the commencement of August, 1847, in his 
largo twenty-feet reflector, with a 24-inch aperture. Las- 
sell's discovery was confirmed by< Otto Struvof at Pulkowa 

I once told you that I havo worked much apon this tubject, but have 
come to no other result tliuu the certainly Uiat the pi'OBont theory, or, 
much rather, its amplication to the solar gytiem, at we are acquainted 
with it, was insufiScient to solve the mystery. Nevertheless, it must not, 
on that account, be considered upon my opinion to be unsolvable. We 
must first know accurately and completely what has been observed of 
Uranus. By the aid of one of my young hearers, Flemming, I have 
had all the observations reduced ana compared, and thus the existing 
facts now lie before me complete. While the old observations do not 
agree with the theory, the more recent ones agree still less ; for now 
the error is a whole minute, and increases annually about 7" to 8'', so 
that it will soon be much greater. ,1 was therefore of opinion that the 
time might come when the solution of this mystery might perhaps be 
found in the discovery of anew planet whose elements might be ascer- 
tained by its iiilluoncos uj)on Uruuus, and oouiinuod by those exerted 
upon Saturn. That this time has already arrived I au\ far from saying, 
but I shall examine now how far the existing facts can carry us. This 
is an investigation which I have pursued for so many years, and on ac- 
count of which I have followed so many views, that its results espe- 
cially interest me, and shall therefore be brought to an end as soon as 
possible. I have great confidence in Flemming, who will, in Dantzic, 
to which place he nas been called, continue the same reduction of ob- 
servations for Saturn and Jupiter which he has now made for Uranus. 
It is, in my opinion, fortunate that he has (for the present) no means 
of observation, and has no lectures to deliver. A time will indeed come 
when he must institute observations with a definite aim ; then he should 
no lonser want the means of carrying them out any more than he does 
the ability to do so." 

* The first letter in which Lassell announced the discovery was on 
the 6th of August, 1847. (Schumacher, Attr, Naehr., No. 611, p. 165.) 

t Otto Struve,' in Uie Aetr, Naehr., No. 629. August Strove, in Doi> 
pat, calculated the orbit of the first satellite of Neptune from the observ 
ations at Pulkowa. 
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i September 11th to December 20tb, 1847V and Bond,* the 
lireotor of the observatory at Oambridge (U. 8.), (September 
16th, 1847). The Pulkowia obserrations gave : the period 
of rotation of Neptune's satellite, 5d. 21h. 7m. ; the inclina- 
tion of its orbit to the plane of the ecliptic, 34^ 7'; the dis- 
tance from the center of the primary, 216,000 geographic- 
al miles ; the mass jjj{j^. Three years afterward (August 
14th, 1850), Lassell discovered a second satellite, for the ex* 
amination of which he employed a magnifying power of 628.t 
This last discovery has not, I believe, been confirmed by other 
observers. 



m. 

THE COMETS. 

The comets, which Xenocrates and Theon of Alexandria 
call light-clouds, and which, according to an old Chaldean 
belief, Apollonius Myndius considered to " ascend periodically 
from great distances in long-regulated orbits," though subject 
to the attractive force of the central body, form a peculiar 
and separate group in the solar regions. They are distin- 
guished from the planets, properly so called, not merely by 
the eccentricity of their orbits, and, what is still more import- 
ant, their intersection of the planetary orbits ; they also pre- 
sent a variability of figure, a change of outline, which in some 
instances has been observable during the space of a few hours , 
as, for example, in the Comet of 1744/80 accurately described 
by Hensius, and at the last appearance of Halley's Comet in 
1835. Before Encke had discovered the existence oiinte" 
rior comets of short periods of revolution, whose orbits were 
inclosed within those of the planetS; dogmatic speculations, 
founded upon false analogies as to the increasing eccentricity, 
magnitude, and decreasing density in proportion to the dis- 
tance from the Sun, led to the opinion that planetary bodies 
of enormous volume would be discovered beyond Saturn, re- 
volving in eccentric orbits, and ''forming an intermediate 
group between planets and comets, and, in4eed, that the last 
exterior planet ought to be called a comet, since perhaps its 
orbit intersected that of Saturn, the planet next to it."t Sugh 

* W. 0. Bond, in the Proceedings of the Ameriean Academy of Arts and 
SeUneet, vol. ii., p. 137 and 140. 

t Scbam., Attr, Naehr., No. 729, p. 143. 

i ^ By meana of a aeriea of intermediate inemberi," aaja ImmanuiBl 
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in opiiiioii of the ooaneetioa of fiinns in \he nnirene, uialo 
gouB to t]i3 freqiiently misemployed doctrine of tnnfition in 
oiganic nature, was shared by Immanoel Kant, one of the 
greatest minds of the eighteenth eentniy. At two epochs^ 
twenty-six and ninety-one years after the Naturgeschickie 
des HimmeU was dedicated to the great FrederidL by the 
Konigsberg philosopher, Uraons and Neptune were disooTered 
by William Herschel and Galle ; bat the orbits of both plan- 
ets haTe a less degree of eccentricity than that of Saturn ; 
if eyen the latter is 0*056, so, on the contrary, Neptune, the 
outermost of all known planets, moyes in an orbit whose ee- 
centricity is 0*008, nearly the same as that c^ Venus (0.006). 
In addition to this, Uranus and Neptune present none of the 
predicted cometary characters. 

As, in more recent times (since 1819), the discovery of 
Euckc's Comet was gradually followed by those of five inU- 
riot comets, forming, as it wore, a peculiar group, the semi- 
major axis of whoso orbits for the most part resembles those 
of the small planets, the question was raised as to whether 
the group of ifUeriar comets may not, as is conjectured by 
Olbers, in his hypothesis respecting the small planets, origin- 
ally haye formed a single cosmical body ; whether the large 
comet may not have been separated into seyeral by the influ- 
ence of Mars, in the same way that such a separation, as it 
were a bipartition, took place under the eye of the obseryer 
in the year 1846, on the occasion of the last return of the 
interior comet of Biela. Certain similarities in their elements 
haye induced Professor Stephen Alexander, of the College of 
New Jersey, to institute inyestigations* as to the possibility 

Kant, " the last planeU beyond Saturn woald gradoally past into com- 
eU, and §o the last species wookl be connected with the first. The law 
according to which the eccentrici^ of the planefiuy orbits is propor- 
tionate to the distances of the planets from the Snn, supports this con- 
iectore. The eccentricity increases with the distance, and, conaequoril. 
y, the more distant planets approach nearer to the definition of com- 
ets. The last phwet ami the first comet may be called that body which 
in its norihelion intersects the orbit of tlie adjoining plaiiot, perimps 
that or Saturn. Our tlicory of tlie mocluinical Ibrmation of the cosmical 
bodies is also clearly proved by the magnitudes of tlio planetary masses 
which increase with the distance from the Snn." — Kant, Naiwrgf 
eekiehU de» Himmels (1755), in his SdmmiHeke Werke, th. vi., p. 88 and 
195. At the commencement of the fifth section (p. 131), he speaks of 
the former eometary nature which Saturn was supposed to luive poa* 



* fitephen Alexander, " On the Similarity of arrangement of the As> 
teroids and the Comets of short |)eriod, and the possibility of tlmtr 
common origin/' in Gould's A§tronom. Journal^ No. 19, p. 147, and No 
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of a common origin of the asteroids between Mars and Ju- 
piter, with some or even all of the comets. The grounds of 
analogy which have been deduced from the nebulous envel- 
opes of the asteroids must, according to all more recent and 
accurate observations, be renounced. The orbits of the small 
planets are not parallel to each other ; that of Pallas certain- 
ly presents the phenomenon of an extreme inclination ; but, 
with all the want of parallelism between their own orbits, 
still they do not intersect in a comctary manner any one of 
the orbits of the largo older, t. e., earlier discovered planets 
This circumstance, so extremely essential in every assumption 
of a primitive projectile direction and projectile velocity, ap- 
pears, besides the diflTerence in the physical constitution of the 
interior comets, and the entirely vaporless small planets, to 
render the similarity of origin of both kinds of cosmical bodies 
very improbable. Laplace, also, in his theory of planetary 
genesis from rings of vapor revolving round the Sun, in which 
matter aggregates into spheres around a nucleus, considered 
it necessary to separate the comets from the planets : ** Dans 
Vhypothese des zones de vapeurs et d'un noyau s'accroissant 
par la condensation de V atmosphere qui l*environne, les co- 
mpetes sont 6trangeres au systhne planetaire,*** " According 
to the hypothesis of zones of vapor, and of a nucleus increas- 
ing by the condensation of the atmosphoro which surrounds 
them, the comets are strangers to the planetary system. * 

We have already directed attention, in the Delineations of 
Nature^ to the fact that the comets at the same time pos- 
sess the smallest mass, and occupy the largest s^pace, of any 
bodies in the solar regions ; in their number, also, they ex- 
ceed all other planetary bodies ; the theory of probabilities, 
applied to the data of the equable distribution of the orbits, 
the boundaries, the perihdions, and the possibility that some 

20, p. 1 81. The author diBtinguishes, with Hind (Schnm., A$tr. Naehr,, 
No. 724), ** the comotg of short period, whoso semi-axos are nil nearly 
the tnme with those of the small planets between Mars and Jnpitor} 
and the other class, including the comets whose mean distance or semi- 
axis is somewhat loss than that of Urauos.*' He concludes the first ea- 
lay with this remark; " Different facts and coincidences agree in indi- 
cating a near appulse, if not an actual collision, of Mars with a large 
comet in 1315 or 1316, that the comet was thereby broken into three 
[Nirts. whose orbits (it may be presumed) received even then their pres- 
ent form, viz., that still presented by the Comets of 1812, 1815, and 
1846, which are fragments of the dissevered comet.'* 

* I^iplace, Expos, du Syit, du Monde (ed. 1824), p. 414. 

t Oil Oomets : in the DelimtUum of Nature, S9e Cosmot, vol. L, p 
too- J 10. 
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remain invmldet indicates the existence of many thousands. 
We except the aerolites or meteoric asteroids, as theijr nature 
is still enveloped in groat obscurity. Among the comets, 
those must bo distinguished whose orbits have been calcula- 
ted by astronomers, and such of which there are only incom- 
plete observations, or mere indications recorded. As, accord- 
ing to Gallo*s last accurate enumeration, 178 had been cal- 
culated up to the yeilr 1847, so it may be admissible to adopt 
as the total number, with those which have been merely in 
dicated, the assumption of six or seven hundred observed com- 
ets. When the Comet of 1682, predicted by Halley, appeared 
again in 1759, it was considered very remarkable that three 
comets should be visible in the same year. At the present 
time, the investigation of the heavens is carried on simultane- 
ously at several parts of the globe, and with such energy, 
that in each of the years 1819, 1825, and 1840, four were 
discovered and calculated; in 1826, five; and in 1846, even 
eight. 

Of comets visible with the naked eye, more have been ob- 
served rocontly than during the latter part of the previous 
century ; but among them, those which have a great brill- 
iancy in the head and tail still remain, on account of their 
luifrequenoy, remarkable phenomena. It will not be with- 
out interest to enumerate how many comets, visible in Europe 
to the naked eye, have appeared during the last centuries.*' 
The epoch in which they were most numerous was the six- 
teenth century, during which twenty-three such comets were 
seen. The seventeenth numbered twelve, and of these only 
two during its first half In the eighteenth century only eight 
appeared, but nine during the first fifty years of the nineteenth 
century. Among these, the most beautiful were those of 
1807, 1811, 1819, 1835, and 1843. In earlier ages, thirty 
or forty years have frequently passed without such a spec- 
tacle presenting itself in a single instance. In the years, 
however, during which comets seldom appear, there may be 
a number of large comets whose perihelia are situated be- 
yond the orbits of Jupiter and Saturn. Of the telescopic 
comets, there are at the present time, upon an average, at 
least two or three discovered annually. In three successive 
months (1840) Galle discovered three new comets ; from 1764 
to 1798, Messier discovered twelve ; from 1801 to 1827, Pons 
discovered twenty-seven. Thus Kepler's expression as to the 

* In the •oven liiilf centuries from 1500 to 1850, altogether 52 cometa 
have appeared which wore visible to the naked eye: in separate sacces- 
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number of comets in the imivene appears to hold good : iU 
pisces in oceano. 

or not less importance is the careful catalogue of comets 
which have appeared in China, and which Edward Biot has 
made known from the collection of Ma-tuan-lin. It reaches 
back beyond the foundation of the Ionic school of Thales and 
the Lydian Alyattes, and comprises, in two sections, the place 
of the comets from 613 years before our own era until 1222 
years aflerward, and then from 1222 to 1644, the period in 

rion daring seven equal periods, 13, 10, 2, 10, 4, 4, and 9. The foUow 
ing.are the indiyidoal yean : 



1500—1550 






1550—1600 


13 Oom. 






10 Com. 


1600—1650 






1650—1700 


1607 






1652 


1618 
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2 Oom. 
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1689 

1696 
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9 Com. 

Of the 28 Comets visible to the naked eve which are here ennmerated 
hi the sixteenth century (the epoch of Apianos, Girolamo Fracastoro, 
Landgravine William IV. of Hesse, Mfistnn, and Tycho), 10 were de« 
scribed by Pingr^, namely, those of 1500, 1505, 1506, 1512, 1514, 1518, 
1518, 1521, 1522, and 1530; farther, the Comets of 1531, 1532, 1533, 
1556, 1558, 1569, 1577, 1580, 1582. 1585, 1590, 1593^ and 1596. 
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which the dynasty of Ming ruled. I repeat here (see Co$' 
tnoSt vol. i.| p. 99), that while from the middle of the third 
to the end oi the fourteenth century it was necessary to cal- 
culate comets exolusively from the Chinese oLsorvations, the 
calculation of Hajley's Comet, on its appearance in the year 
1456, was the iirst calculation w]pch was nude from alto- 
gether E uropoan observations, those of Regiomoutanus. These 
latter were again followed by the very accurate observations 
of Apianus at Ingoldstadt, upon the occasion of the reappear- 
ance of Halloy's Comet in August of the year 1531. In the 
interval (May, 1500) appeared a magnificently brilliant com- 
et,* rendered famous by African and Brazilian travels of dis- 
covery, which was called in Italy Signor Astone^ the great ^ 
Asia. Laugierf has detected, by similarity of the elements 
in .the Chinese observations, a seventh appearance of Hal- 
ley's Comet (that of 1378) ; as well as that the third comet 
of 1840, discovered by Gallo,t on tho 6tli of March, appears 
to bo identical with that of 1097. Tho Mexicans also con- 
nected events in their records with comets and other ob- 
servations of the heavens. Tho Comet of 1490, which I 
discovered in tho Mexican manuscript of St. Tcliier, and of 
which an ongraving is inserted in my Monumens des Peuples 
indigenes de. VATn^rique, I have found, singularly enough, 
to be mentioned as having been observed in December of 
that year only in tlie Chinese comet-register. i The Mexi- 
cans had inserted it in their register twenty-eight years be- 
fore the first appearance of Cortez upon the coasts of Vera 
Cruz (Chalchtnhcuecan). 

I have, in the Delineations of Nature {Cosmos^ vol. i., p. 
101), treated fully of the configuration, alterations of form, 

* This 18 the " evil-disposed*' comet to which was ascribed the death 
of the celebrated Portuguese discoverer Bartholomaeus Diaz, by ship- 
wreck, as he was sailing to the Oape of Good Hope; Humboldt, Ex 
amen Crit. de VHisL de la Oio^.^ torn, i., p. 296, aud torn, v., p. 80 
(Sousa, Aiia Portug,, torn, i., p. i., cap. v., p. 45.) 

t Laugier, in the Connaiuance des Temps pour Pan 1846, p. 99. 
Compare also Edward Biot, Rccherehes sur les Anciennes Apparitions 
Chinoises de la ComUe de Halley antirieures a Vannie 1378, op. cit., p. 
70-84. 

t Upon tho comet discovered by Galle in March, 1840, see Schu- 
macher, Astr, Nachr.f bd. xviii., p. 188. 

$ See my Vuen des CordilUres (ed. in folio), pi. Iv., fig. 8, p. 281, 282 
The Mexicans had also a very correct view of the cause of a solar 
eclipse. The same Mexican manuscript, written at least a quarter of 
a century before the arrival of the Spaniards, represents the Sun as al- 
most entirely covered by the Moon's disk, and with stars visible at the 
same time. 
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light, airid color of comoU, tho emanations from their heads 
which, bent backward,* form the tails, from the observations 
of Hensius (1744), Bessel, StruYc, and Sir John Hersohel. 
Besides the magnificent Oomet of 1843,t which could be 
seen by Bowring, in Chihuahua (N.W. America), as a small 
white cloud from nine o'clock in tho morning until sunset, 
and by Amici, in Parma, at full noon, 1^ 23' eastward of. 
the Sun,t the first comet of the year 1847, discovered by 

* This formation of ihe tail at the anterior part of the comet's head, 
which has occupied BesseFB attention bo much, was the opinion of New- 
ton and Winthrop (compare Newton's PrineipiOf p. 511, and Philos. 
Trannaet,, vol. Ivii., for the year 1767, p. 140, ng. 5). Newton consid- 
ered that the tail was developed most considerahly and longer near the 
Sun, because the eotmieal ether (which we call, with Encke, the reiiti- 
ing medinm) was the denteit tliere, and the partienla eauda, strongly 
heated and supportecl by the ether, ascended more easily. Winthrop 
considered that the principal effect did not take place until some time 
after the perihelion passage, because, according to the law established 
by Newton {Prineipia, p. 424 and 466), the maxima are universally re- 
tarded (in periodical changes of heat as well as in ocean tides). 

t Arago, m the Annnaire for 1844, p. 395. The observation was made 
by the younger Amici. 

t With regard to the Comet of 1843, which appeared with unexam- 
pled splendor in Northern Eui^pe during the month of March, near 
Orion, and approached nearer to the GUm than any hitherto ohserved 
and calculated comet, all the details are collected in Sir John Herschel's 
Outlinet of AUronomyt $ 580-507 { and Iji Peirce, American Almanac 
for 1844, p. 42. On nocoimt of pliVNiognumionl rosomblnnoos whoso 
itticeriaintv was already shown by Bonocn (Nat, Quttit,, lib. ii., caps, 
xi. and xvii.), it was at first considered to be idonttcol with the comets 
nf 1608 and 1680 (Co«mo«, vol. i., p. 130, note; Qnlle, in Olbers's Com^' 
tenbahnen, Nos. 42 and 50). Boguslawski (Schum., Attr, Naehr,, No. 
545, p. 272) believes on the contrary, that its previous appearances were 
with a revolution of 147 years, those of 1695, 1548, and 1401 ; he even 
calls it the Comet of Aristotle, ** because he traces it back to the year 
371 before our era, and, together with the talented Hellenist Thiersch, 
of Munich, considers it to be a comet which is mentioned in the Mete- 
orologieie of Aristotle, book i., cap. vi." But I would call to mind that 
the name Comet of Aristotle is vague and indefinite. If that one is 
meant which Aristotle states to have disappeared in Orion, and which 
he connects with the earthquake in Achaia, it must not he forgotten 
that this comet is stated by Oallisthenes to have appeared before^ by . 
Diodorus after, and by Aristotle at the time of the earthquake. The 
sixth and eighth chapters of die Meteorology treat of four comets whose 
epochs of appearance are characterized by the archons at Athens, and 
by unfortunate events. In this place those are mentioned in order: 
the wtistern comet which appeared on the occasion of the great earth- 
quake at Achaia, accompRnied with floods (cap. vii.,8); then the comet 
which appeared during the time of the Archon Eucles, the son of Me- 
lon ; afterward (cap. vi., 10) the Stagirite comes again to the weitem 
comet, that of the great earthquake, and at the same timo calls the Ar 
chon Astens— a name which incorrect readings have changed into Aria 
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Hind near Oapella, has very recently been visible at London, 
near the Sun, on the day of its perihelion. 

t90t» and which wai, on that acooant, erroneoiuly oontidered by Pingr^, 
in hia Camitographie, to tigaify one and the same person as Aristhones 
or Alcisthenes. The brilliancy of this comet of Asteas diffused itself 
over the third part of the sky ; the tail, which was called its way (dddf), 
was also 60^ m length. It extended nearly as far as Orion, where it 
gradaally disappeared. In cap. vii., 9, the comet is mentioned which 
appeared simaltaneously witli the famous full of afirulites near JEgoa 
Potamos {Coitnos, vol. i., p. 117), and which can scarcely be a oonfu- 
•■ion with Uie airolUe-eloud described by Damachos, which shone for 
70 duys^ and poured forth lulliug stars. Finally, Aristotle mentions 
(cap. vii., 10) a comet which appeared at the time of the Archon Ni- 
comachus, to which was ascribed a storm near Ooiinth. These four ap- 
pearances of comets occurred during the long period of 32 Olympiads: 
viz., the fall of aerolites, according to the Parian Chronicle, 01. 78, 1 
(468 B.O.), under the Atchon Theagenides; the great comet of Asteus, 
which appeared at the time of the earthquake at Achaia, and disap- 
I^eared in the constellation of Orion, in O/. 101, 4 ([373 D.0.][: Eucles, 
the son of Molon, erroneously called Buclides Diodorus (xii., 53), in 
O/. 88, 2 (^427 D.O.), as is also coufirmud by the commotitary of Jo- 
hannes Philoponus; the comet of Nicomachus, in OL 109, 4 (341 D.C.V 
The date assigned by Pliny for the juba effigie* muiaia in hattamf is 
Ol. 108 (Piiniui, ii., 25). Soiioca also ngruos in connecting the comet 
of Asteus (O/. 101, 4) immediately with the earthquake in Achaia, as 
he mentions the down&ll of Bura and Helice, which towns Aristotle 
does not expressly mention, in the following manner : ** Efiigiem ignis 
longi fuisse, Oallisthenes tradit, antequam Burin et Helicon mare ab- 
sconderet. Aristoteles ait, non trabem illam, sed cometam fuisse.*' 
** Oallisthenes affirms that the fiery shape appeared long before the sea 
overwhelmed Buris and Helice. Aristotle says that this was not a 
meteor, but a comet." (Seneca, Nat, Qwzti,, vii., 5.) Strabo (viii., 
p. 384, Cat,) places the downfall of these two frequently mentioned 
towns two years before the battle of Leuctra, whence again results the 
date, Ol, 101, 4. Finally, after Diodorus Siculus had more fully de- 
scribed this event as having occurred under the Archon Asteus (xv., 
48, 49), ho placos the brilliant comet which threw shadows (xv., 5oi 
under Uie Archon Alcisthenes, a year later, Ol. 102, 1 (372 A.O.), and 
as a prediction of the decline of the Lacedemonian rule; but the later 
Diodorus had the habit of transferring an event from one year to an- 
other ; and the oldest and most reliable witnesses, Aristotle and the 
Parian Chronicle, speak in iavor of the epoch of Asteus before that of 
Alcisthenes. Now since the assumption of a period of revolution for 
the beautiful Oomet of 1843 of 147} years, leads Boguslawski to assign 
to its appearances the dates 1695, 1548, 1401, and 1106, up to the year 
371 before our era, the comet of the earthquake of Achaia corresponds 
with it, according to Aristotle, vnthin two — according to Diodorus, to 
within one year ; which, if we could know any thing of the similarity 
of the orbit, is, when taking into consideration the probable disturban- 
ces duriug a period of 1214 years, certainly a very small error. When 
Piner6, in the Comitographie (17 SB, tom. i., p. 259-262), relying upon 
Diodorus and the Archon Alcisthenes instead of Asteus, places the 
comet in question in Orion, in Ol, 102, and still in the commencement 
of July, 371 before Ohrist, instead of 372, the reason perhaps lies in the 
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For the explanation of what has been said above of the re* 
mark of Ohinese astronomers on the ocoasion of their observ- 
ation of the Comet of March, 837, in the dynas^ of Thang, 
I insert here a translation from Ma-tuan-lin of the verbal 
statement of the law of direction of the tail. It is said there, 
'*In general, the tail of a comet which is situated eastward 
from the Sun is directed toward the east, calculating from 
the nucleus; but if the comet appears to the westof the Sun, 
the tail turns toward the west.'**" Fracastoro and Appia- 
nus say, still more correctly, " that a line produced through 
the head of a comet in the direction of the axis of the tail 
meets the Sun/' The words of Seneca are also characteristic : 
" The tails of comets fly from the Sun's rays." (Nat, Quast., 
vii., 20.^ While, among the yet known planets and comets, 
the periods of rotation dependent upon the half-major axis, 
the shortest and the longest of the planets, are in the propor- 
tion of 1 : 683, the proportion in the case of the comets is as 
1: 2670. Mercury (87d*97) is here compared with Neptune 

circumstance that, liko some other astronomers, he characterizes the 
first year before tne Christian era as anno 0. It is to be observed, in 
concnision, that Sir John Herschel assames for the Comet of 1843, seen 
in full daylight near the Sun, an entirely different period of revolution, 
one of 175 years, which leads to the years 1668, 1493, and 1318, as the 
dates of its previous appearances. (Compare Outlinet, p. 208-372, with 
Galle, in Oioers's Cometenhahnent p. 208; and Co$mot, vol. i., p. 137.) 
Other combinations by I'eirco and ulaosen lead to periods of revolution 
of even 21| or 7\ years t a suflScient proof how hazardous it is to trace 
back the Comet of 1843 to the archonship of Asteus. The mention of 
a comet under the archonship of Nicomachus, in the Meteord,, lib. i., 
cap. vii., 10, has at least the advantage of showing us that this work 
was written when Aristotle was at toast 44 years of age. It has al- 
ways appeared to me remarkable that the great man, as he was already 
14 years old at the time of the earthquake at Achaia, and of the appear* 
ance in Orion of the ^eat comet with a toil 60° in length, should speak 
with so little animation of so brilliant an object, and content himself 
with enumerating it among the other comets " which had appeared in 
his time." Tho astonishment increases when, in the same cnapter, the 
statement is found that he had seen with his own oyos something misty, 
bvon a foeblo Itaza ('(^f<9), round a fixed star in tho hip-bono of tho Dog 
(perhaps Procyon in tho small Dog), (Meteorol., i., 0, 9). Aristotle also 
speaks (i., 6,11) of his observation of the occultation or a star in Qemini 
by the disk of Jupiter. With regard to tlio vaporo/is or nebulous en- 
velope of Frocyon (f ), it recalls to my mind a phenomenon of which 
frequent mention is made in the old Mexican annals according to the 
Codex Tellerianvt, " This year," it is said thet«, ** CUlaleholom smoked 
again f* this is the name of the planet Venus, also called Tlazoteotl in 
the Azteo language (see my Vuet det Cordillireif tom. ii., p. 303) t this 
is probably, in the Grecian as well as the Mexican sky, a phenomenon 
of atmospherio refitu;tion — the appearance of small halos. 
* ndward Biot, in the Comptei Rendns, tom. tvi., 1843, p. 751. 
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(60,126d'7), and the Oomet of Encke (3*3 years) with tha 
Comet of 1680 (8814 years), observed 'by Gottfried Kirch at 
Coburg, Newton, and Halley. The distance of the fixed star 
nearest to our solar system (a Centauri) from the aphelion 
(point of greatest distance from the Sun) of the last-named 
comet is determined by Encke in an excellent treatise. The 
small velocity of its motion (ten feet in a second) in this out- 
ermost part of its orbit, the greatest proximity which the 
Comet of Lexell and Burckhardt (1770) has attained to the 
earth (six times the distance of the Moon), and the Comet 
of 1G80 (and still more that of 1843) to the Sun, I have al- 
ready treated of in Cosmos, vol. i., p. 109, and vol. iv., p. 
53-55. The second comet of the year 1819, which ap- 
peared, in Europe, suddenly to break forth from out of the 
Sun's rays in considerable magnitude, passed, according to 
the calculation of its elements, across t?ie Sun's disk on the 
26th of June \* unfortunately, its passage was not observed. 
This must also have boon the ease with the Oomot of 1823, 
which, besides the ordinary tail turned from tlio Sun, had 
also another tiiriiod directly toward it. If the tails of both 
comets had a considerable length, vaporous parts of them 
must have mixed with our atmosphere, as certainly often hap- 
pens. The question has been raised as to whether the won- 
derful mists of 1783 and 1831, which covered a great part of 
the Continent, were consequences of such an admixture ?\ 

While the quantity of radiant heat received by the Comets 
of 1680 and 1843 in such close proximity to the Sun has 
been compared to the focal temperature of a 32-inch burn- 
ing mirror,} a highly-deservingi«astronomical friend of mine 

* Galle, in the Supplement to Olbers's Cometenbahnen, p. 221, No. 
130. (With respect to the probable passage of the two-tailed comet of 
1823, see Edinb. Rev,, 1848, No. 175, p. 193.) The treatise shortly be- 
fore quoted in the text, containing the true elements of the Comet of 
1680, contradicts Halley's fantastic idea, according to which, with a 
presumed period of 575 years, it had appeared at all the great epochs 
of the human race: at Uie time, of the Deluge according to Hebrew tra- 
ditions, in the age of Ogj[ges according to Greek traditions, at the Tn>- 
jan war, on the dostructiou of Nineveh, on the death of Julius Ciosar, 
•dec. The period of revolution resulting from Kncke's calculation is 
8814 years. The least distance from the surface of tlie Sun was, on the 
17th of December, 1680, only 128,000 geographical miles ; consequently, 
80,000 less than the distance of the Barth from the Moon. The aphe- 
lion is 853*3 times the distance of the Earth from the Sun, and the 
proportion of the smallest to the greatest distance from the Sun is as 
1 : 140,000. t Arago, in the Annuaire for 1832, p. 236-255. 

t Sir John Ilerschel, Outlinet, $ 592. 

4 Bernhard von Liudenau, in Schum., AHr. Naehr., No. 698, p. 25. 
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maintains that ** all comets which are without a solid hu- 
olous (on account of their extremely small density^ have no 
solar heat, only the temperature of cosmical space/^ If we 
take into consideration the numerous and striking analogies 
of the phenomena which, according to Melloni and Forbes, 
luminous and non-luminous sources of heat present, it ap- 
pears difficult, in the present state of our physical reasoning, 
not to assume that processes go on in the Sun itself which si- 
multaneously produce radiant light and radiant heat by vi- 
brations of the ether (waves of diflTerent lengths). The'dark- 
ening of the Moon by a comet, stated to have taken place in 
the year 1454, which the Jesuit Pontanus, the first trans- 
lator of the Byzantine author, George Fhranza, believed that 
he had discovered in a monkish manuscript, has long been 
mentioned in many astronomical works. This statement 
of the passage of a comet between the Earth and Moon in 
1454 is quite as erroneous as that asserted by Lichtenberg 
of the Comet of 1770. The Chronicon of Fhranza first ap- 
peared complete at Vienna in 1796, and it is said there ex- 
pressly, that in the year of the world 6962, while an eclipse 
of the Moon took place, a comet like a mist appeared and 
came near to tlie Moon quite in the ordinary' manner, ac- 
cording to the order and circular orbits of the heavenly 
luminaries. The year of the world (=1450) is incorrect, 
as Fhranza says distinctly the eclipse of the Moon and the 
appearance of the comet wore seen after the taking of Oon- 
stantinoplo (May the 19 th, 1453), and an eclipse of the Moon 
actually happened upon the 1 2th of May, 1 454. (See Jacobs, 
in Zach*s MonatL Corresp.^ bd. xxiii., 1811, p. 196-202.) 

The relation of Lexell's Oomet to the satellites of Jupiter, 
and the perturbation which it suffers from them without in 
fluencing their periods of revolution {Cosmos, vol. i., p. 110), 
have been more accurately investigated by Levorrier. Mes- 
sier discovered this remarkable comet as a feeble nebulous 
spot in Sagittarius upon the 14th of June, 1770 ; but eight 
days after, its nucleus shone as brightly as a star of the 2d 
magnitude. Before the perihelion passage, no tail was vis- 
ible ; aflerward it developed itself by slight emanations 
scarcely one degree in length. Lexell found for his comet 
an eUiptio orbit, and the period of rotation of 5*585 years, 
which Burckhardt confirmed in his exjellent prize essay 
According to Clausen, it had approached the Earth upon the 
1st of July, 1770, to a distance 0^363 times the Earth's ra- 

* Cotmos, vol. ill., p. 36 and 37. 
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diuB (1,244,000 geographical miles, or six times the Moon's 
distance). That the comet was not se*in before March, 1776, 
and not later than October, 1781, according to Lexeirs pre- 
vious conjecture, is analytically demonstrated by Laplace, in 
the fourth volume of the Micanique CSleste, &>m the per- 
turbations occasioned by the Jovial system on the occasion 
of the appro|imations in thb years 1767 and 1779. Lever- 
rier finds that, according to one hypothesis respecting the 
oometary orbits, this comet passed through orbits of the sat- 
ellites in 1779 ; according to another, that it remained at a 
considerable distance without the fourth satellite.^ , 

The molecular conditions of the head or nucleus, so seldom 
possessing a definite outline, as well as the tail of the com- 
ets, is Tendered so much the more mysterious from the fact 
that it causes no refiraction, and, as was proved by Arago's 
important discovery {Costnos, vol. i., p. 105, and note), that 
the comotary light contains a portion of polarized light, and 
consequently refiected sun-light. Although the smallest stars 
are seen in undiminished brilliancy through the vaporous em- 
anations of the tail, and even through the center of the nu- 
cleus itself, or at least in very great- proximity to the center, 
(per centrum non aUter quam per nubem ulteriora cernatur : 
Seneca, Nat, Qucest., vii., 18) ; so, on the contrary, the an* 
alysis of the cometary light in Arago's experiments, during 
wnich I was present, shows that the vaporous envelopes are 
capablet of reflecting light, notwithstanding their extremely 
slight density, and that these bodies have ** an imperfect 
transparency,! since light does iiot pass through them unim- 
peded." In this group of vaporous bodies, the solitary in- 
stances of great luminous intensity, as in the Comet of 1843, 
or the star-like shining of a nucleus, excite so much the more 
astonishment when it is assumed that their light proceeds 
solely from a reflection of the solar rays. Is there not, how- 
ever, in addition to this, a peculiar light-producing process 
going on in the comets ? 

, The brush-like membered tails emanating from the comets, 
and consisting of vapory matter of millions of miles in length, 
difiuse themselves in space, and form, perhaps, either the re- 
sisting piediumi itself, which gradually contracts the orbit 

. * Leverrier, in the Comptet Rendut, torn, ziz., 1844, p. 982-993. 

t Newton considered that the most brilliant coqiets shone only with 
reflected sun«light. " Splendent comette," says he, ** luce Sohs a se 
refloxa." (Prtnc. Mathem*, ed. Le Seur et Jaquier, 1760, torn. iii. 
p. 577.) I Bossel, in Sehum, Jahrlmeh for 1837, p. 169. 

i Cotmoi, vol. !., p. 106, and vol. iii., p. 39. 
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of Encke's Comet, or they mix with the old cosmical matter 
which has not aggregated into spheres, or condensed into the 
rings, and which appears to us as the zodiacal light. We 
see, as it were, before our eyes, material particles disappear, 
and can scarcely conje<iture where they again collect. How- 
ever probable may be the condensatiottt in the neighborhood 
of the central body of our system, of a gaseous fluid filling 
space, still, in the case of the comets, whose nuclei, accord- 
ing to Yak, diminish in the perihelion, this fluid, condensed 
there, can scarcely be looked upon as pressing upon a vesicu- 
lar vapory envelope.*' Although in the streamers of the 
comets the outlines of the reflecting portion of the vapory 
envelope is generally very indefinite,'the circumstance that, 
in s6me individuals (for example, Halloy*s Comet at the 2d 
of January, 1836, at the Cape of Good Hope), a sharpness 
of outline has been observed on the anterior parabolic part 
of the body, such as our masses of clouds Seldom present, is 
so much the more striking and instructive as to the molecular 
condition of these bodies. The celebrated observer at the 
Cape compared the unusual appearance, testifying to the in- 
tensity of the mutual attraction of the particles, with that of. 
an alabaster vessel strongly illuminated in the interior.! 

Since the appearance of the astronomical part of my De- 
lineation of Naturei the comotary world has presented a 
phenomenon whoso mere possibility could scarcely have been 
suspected beforehand. Biela's Comet, an interior one of 
short period, 6| years in its revolution, has separated into 
two comets of similar figure though unequal dimensions, both 
having a head and tail. So long as they could be observed, 
they did not unite again, and proceeded on their course sep- 
arately, almost parallel with each other. Hind had, on the 

* Valz, EiMt »ur la Ditermination de la DemiU de V Ether dant Vetnaee 
Planitaire, 1830, p. 2; and Cosmoit vol. i., p. 106. The so-Cfiremlly 
observing and always nnprejudioed Hevelius had also dirootcd atten- 
tion to tlie increase in the size of the cometary nuclei, with increased 
distance from the Sun. (Pingr^, Com6tographie, torn, ii., p. 193.) The 
determinations of the diameter of Encice's Comet in tho perihelion is 
very difficult, if accuracy is desired. The comet is a nebulous mass, in 
which the center, or one point of it, is the brightest, even prominently 
bright From this point, which, however, presents no appearance of a 
disk, and can not be called a eomet-head, the light decreases very rapid- 
ly all around, and at tho same time the vapor elongates toward one disk, 
so that this elongation appears as a tail. Tho measurements, therefore, 
refer to this muss of va^Mir, whoso circumference, without having teall} 
definite boundaries, decreases in perihelion. 

1 Sir John Herscliel, Remtltt of Attronomieal ObtervtUwrn at the Cap^ 
of Oood Hope, 1847, $ 366, pi. xr. and zvi. 
Vol. IV.— I 
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19th of December, 1845, already remarked a kind of pro- 
tulierance toward the north ; but on the 2lBt there was, ac- 
cording to £ncke*s observation in Berlin, still no signs of a 
separation visible. The subsequent separation was first de- 
tected in North America on the 29th of December, 1845 ; 
in Europe, not until the middle and end of January, 1846. 
The new smaller comet proceeded toward the north. The 
distance of the two was at first 3', afterward (February 20 th), 
according to Otto Struvo's interesting drawing, 6'.'*' The 
luminous intensity varied *ta such a manner that tlio gradu- 
ally increasing secondary comet for some time exceeded the 
principal comet in brightness. The nebulous envelopes which 
surrounded each of the nuclei had no definite outlines : that 
of the larger comet, indeed, showed a less luminous protuber- 
ance toward S.S.W. ; but the space between the two comets 
was seen at Fulkowa quite free from nebulous mattor.f A 
few days later. Lieutenant Maury, in Washington, remarked, 
with a nine-inch Munich refractor, rays which proceeded from 
the larger older comet to the smaller new one, so that a kind 
of bridge-like connection was produced for some time. On 
the 24th of March, the smaller comet was scarcely percepti- 
ble, on account of the decreasing luminous intensity. The 
larger one only was seen up to the 16th or 20th of April, 
when this also disappeared. I have described the wonderful 
phenomenon in detail,t so far as it could be observed. Un- 
fortunately, the actual separation and the immediately previ- 
ous condition of the older comet escaped observation. . Did 
the separated comet become invisible only on account of d\fi- 
tance and feeble luminosity, or did it resolve itself? Will it 
be again detected as an attendant^ and will the Comet of 
Biela present similar anomalies at other reappearances ? 

The formation of a new planetary body by separation nat- 
urally excites the question whether, in the innumerable com- 
ets revolving round the Sun, several have not originated by 
a similar process, or do not daily originate so ? whether they 

* The subBoquont (5th of March) increase of distance seen to the ex 
tent of 9^ 19' was, as Plantamour has shown, merely apparent, and do 
pendent upon the approximation to the Earth. Doth purts of the douhU 
eotnH remained at the same distance from each other from February 
until the lOth of March. 

t " Le 19 F6vrier, 1846, on aper^oit le fond noirdu ciel qui s^pare les 
deux comctes." — Otto Struve, in the Bulletin Phytieo-mathimatique de 
VAead. det Seieneet de St, Pitesbourg, tom. vi.. No. 4. 

X Compare Outlinet, $ 580-583 ; Galle, in Olbers's Comeiei^ahnm, 
p. 232. 
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may not acquire different orbits by retardation, i, e,, unequal 
velocity of revolution, and the unequal influence of perturba- 
tions ? In a treatise already alluded to, Stephen Alexander 
has attempted to explain the genesis of all the interior com- 
ets by the assumption of such an hypothesis, certainly but in- 
adequately founded. In antiquity, also, similar occurrences 
appear to have been observed, but not sufficiently described. 
Seneca states, upon the authority, as he himself says, of an ' 
unreliable witness, that the comet which was considered to 
have caused the destniction of the two towns of Helice and 
Bura separated into two parts. ' He adds ironically, why has 
no one seen two comets unite to form one 1^ The Chinese 
astronomers speak of ** three dome-formed comets," which ap- 
peared in the year 896, and pursued their course together.! 
Among the great number of calculated comets, there are, 
up to the present time, eight known, whose period of revolu- 
tion is shorter than that of Neptune. Of these eight, six are 
interior cometSt i, e., such whose aplidia are within the orbit 
of Neptune, viz., the comets of Encke (aphelion, 4*09), of 
De Vice (602), Brorsen (6-64), Faye (6-93). Biela (619), 
and D*Arrest (6*44). If the distance of the Earth from the 
Sun is taken as =1, the orbits of all these six interior com- 
ets have aphelia which are situated between Hygeia (3*15), 
and a limit which is nearly 1| the Earth's distance from the 
Sun beyond Jupiter. The two other comets, likewise of a 
shorter period of revolution than Neptune, are the 74-year 
Comet ofOlbers, and the 76-year Comet of HaUey, Up to 
the year 1819, when Encke nrst discovered the existence of 
an interior comet, these two latter ones were those of the 
shortest period among the then calculated comets. Olbers's 
Comet of 1815, and Halley's Comet are, since the discovery 
of Neptune, situated in their aphelia only 4 and 5} times the 
Earth's distance from the Sun — beyond the limits which 
would allow of their being considered interior comets. Al- 
though the X&Lininterior comet may sufTor alteration from the 

* " Bphorus non religiosissimiD fidoi, sicpe docipitur, snope docipit Si- 
cut hio Oometem, qui omnium mortalium oculis custoditus est, quia in* 
Sentis rei trozit eventus, cum Helicon et Burin ortu suo merterit, ait 
lum discessisee in duas Stellas : quod prater ilium nemo tradidit. Quis 
enim posset obserrare illud momentum, quo Oometes solutus et in duas 
partes redactus est T Quomodem autem, si est qui viderit Oometem in 
duas dirimi, nemo vidit fieri ex duabusf'*— Seueca, Nat. Qtutit,, lib. 
vii., cap. 16. 

t Edward Biot, Reeherchet tur let Comiiet de la Colleetion de Ma- 
itutn-lin, in the Comptee Rendue, torn, xz., 1845, p. 334. 
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discovery of Trans-neptunian planets since the boundary 
which determines whether a comet ii to be called an interior 
one is changeable, still this term is preferable to that of conu 
ets of .short period^ from the fact that it is in each epoch of 
our knowledge dependent upon something definite. The six 
interior comets now accurately calculated certainly vary in 
their periods of revolution only from 3*3 to 7*4 years ; but if 
tho return of the comet discovered by Peters at Naples, upon 
the 26th of June, 1846 (the 6th comet of the year 1846, with 
a half^major axis of 6*32^, after a period of 16 years, should 
bo confirmed,*' it may be tbreseen that intermediate members, 
in reference to the duration of the period of revolution, will 
gradually be discovered between the Comets of Faye and 
Olbers. Then it would be difficult in future to fix a limit 
for \hQ ihortness of the period. Here follows the table in 
which Dr. Galle Has arranged the elements of the six interior 
comets. 

* Galle, \n Olbers's Mcthode der Cometet^aknen, p. S32, No. 174. The 
comets of Oullu uiicl Uruiiiiker, oftlio yeurtt 1845 uii4 1840, present el* 
lipticul orbits wiili proportionately not very short periods of revolution. 
(1 allude to the 3065 and 8800 years of tt)e CoineU of 1811 and 1680.) 
They appear to have periodic of revolution of only 249 and 344 years. 
(See Galle, op. cU., p. 229 and 231.) 
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From the Buimnary here giyen, it follows that, since the 
discovery of £ncke*s Oomet*" as. an interior one in the year 
1819, up to the discovery of the interior comet of D* Arrest, 
scarcely 32 years have elapsed. Yvon Yillarceau has also 
given elliptic elements for the last-named in Schumacher's 
Astron, Nachr,, No. 773, and has, at the same time with 
Yah, put forward some conjectures as to its identity with 
the Comet of 1678, observed by La Hire, and Calculated by 
Douwes. Two other comets, apparently of from 5 to 6 year 
periods of revolution, artf the 3d of 1819, discovered by Ppns, 
and calculated by Encke ; and the 4th of 1819, discovered 
by Blanpain, and, according to Clausen, identical with the 1st 
of 1743. But neither of these can be classed with those 
which, from longer and more accurate observations, present 
a greater certainty and completeness of their elements. 

The inclination of the orbits of the interior comets to the 
plane of the ecliptic is, u()on the whole, small, between 3° 
and 1 3^ ; that ol Brorseu's Comet alouo is voiy considerable, 

* Tho short poriiMl of revolution of 1204 diiys wtis discovorod by 
Knoke on tlio ruiippuiinincu ofliirt coniot in the yeiir 1810. Soo tliofiint 
oalvuliilod cllii>tii'ul orbiu in lliu Berliner A»ti'on* Jahrbuck lor 1822, 
p. 193, uud tor the coustiuits of the reiiiting medium assumed to expliiin 
the accelerated revolution. Eucke'a Vierte AOhandlhurg iu the Sehrif- 
ten der BerL Akademie for the year 1844. (Compare Arugo, iu the Au" 
nuaire for 1832, p. 181 ; iu the Letlre a M. Alexandre de Humboldt, 1840, 
p. 12 ; and Galle, in Olberit'a Cometenbahnen, p. 221.) Aa belonging to 
the hifttory of Enekee Cometh it miiBt Uere be called to mind that, so far 
as our knowledge of ihe observations extendn. it was first seen upim two 
days by Mechain on the I7th of.lauuary, 1786; then by Miss Carolina 
Herschel froin the 7th to the 27ih of November^ 1795; afterward by 
Uouvard, Pons, and Huth, fitim the 20th of October to the 19th of No- 
vember, 1805; fiuiilly, as the tenth reuppeanince since M6chain's dis- 
covery in the year 1786, by Pons from the 25th of November, 1818, to 
the 12th of January, 1819. The ^r«/ reappearance, ca/ctf/a/e<2 ^c/ore- 
hand by b^ucke, was observed by ROmker at Paramatta. (Galle, op, 
cii., p. 215, 217, 221, and 222.) Biela's interior comet, or, as it is also 
called, Biela's and Gambarl's, was first seen by Montaigne on the 8th 
of March, 1772 ; then by Pons on the lOth of November, 1805; after- 
ward on the 27th of February, 1826, at Josephstadt in Bohemia, by Von 
Biela; and on the 9ih of March by Gambart, at Marseilles. The ear- 
liest rediscoverer of the Comet of 1772 is undoubtedly Biela, and not 
Gambait; but, on the other hand, he calculated the elliptical elements 
of its orbit earlier than Biela, and nearly at the same time as Clausen. 
(Ani^o. in the Annuaire of 1832, p. 184; and in the Comptes Rendus^ 
tiun. lii., 1836, p. 415.) The ^rji< reappearance of Biela*s Comet, cal- 
culated beforehand, was obsterved by Heuilerson, at the Cape of Good 
Hope, iu October and December, 1832. The already mentioned won- 
derful doubling of Biela's t^omet by separation took place at its elev- 
enth reappearance sinco 1772, at the end of the year 1845. (See Gallo, 
by Gibers, p. 214, 218, 224, 227, and 232.) 
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A&d reaches 31^ All the hitherto discovered interior com* 
ets have, liko the principal and secondary planets of the en- 
tiro solar system, a direct motion (from west to east, pro* 
ceeding in their orhits). Sir John Uerschel has directed at- 
tention to the great rarity of retrograde motion of comets 
having a slight inclination to tlie plane of the ecliptic J^f 
This opposite direction of motion, -which occurs only with a 
certain class of planetary bodies, is of great importance in 
reference to the very universally prevailing opinion as to thf 
formation of the planetary bodies belonging to one system, 
and as to the primitive, impulsive, and projectile force. It 
shows us the cometary worlds although subject even at the 
remotest distances to the attraction of the central body, in 
greater individuality and independence. Such a mode of 
viewing the subject has led to the idea of considering the 
comets as olderfthan the planets — as it wore f»rimitive 
forms of thcr loosely aggregating matter in space. Under 
these presuppositions, it becomes a question whether,, not- 
withstanding the enormous distance of the nearest fixed 
stars, whose parallax we know from the aphelion of 'the 
Comet of 1680, some of the comets which appear in the 
heavens may not be merely wanderers through our solar 
system, moving from one Sun to another ? 

Next in order to the group of comets, I shall speak of the 
ring of the zodiacal light, as with great probability belong- 
ing to our solar region, and after that of the swarms of me* 
teoric asteroids which sometimes fall upon our earth, and 
with regard to whose existence, as bodies in space, by no 
means unanimous opinions prevail. As, in accordance with 
the course adopted by Chladni, Olbers, Laplace, Arago, Sir 
John Herschel, and Bessel, I consider the aerolites to bo of 
decidedly extra-terrestrial cosmical origin, I may venture, at 
the conclusion of the section upon the planets, confidently to 
express the expectation that, by continued accuracy in the 
observation of aerolites, fire-balls, and shooting-stars, the op- 
posite opinion will disappear in the same way that tho opin- 

• Outlines, $ COl- 

t Laplace, Expot. du Syslime du Monde, p. 396 and 414. The speciid 
view of Laplace as to the comets being ** wandering nebalie" (petites 
nibuleuses en-antes de systcnaes en systdmes solaires), ** stands in op* 
position to the progress which has been made since the death of the 
gnmt man, in the rcMohabilUy of so many nebulons spots into crowded 
neaps of stars; the circumstance, also, that the comets have a portion 
oirejUeled polarized light, which the self-luminous bodies are dettituta 
of. Compare Cotmot, vol. iii., p. 142 ; vol. iy., p. 22. 
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ion, universally difTused up to the sixteenth century, as to the 
meteoric origin of the comets, has long done. While these 
bodies were considered by the astrological corporation ot 
."Chaldeans in Babylon," by the greater part of the Pythago- 
rean school, and by ApoUonius Myndius, as cosmical bodies 
reappearing at definite periods in long planetary orbits, the 
powerful anti-Pythagorean school of Aristotle and that of 
Epigenes, controverted by Seneca, declared the comets to be 

productions of meteorological processes in our atmosphere.* 

• 

* There were divisions of opinion at Babylon in the learned Chaldean 
school of astrologers, as well us among the Pythagoreans, and, properly 
•peaking, among all ancient schools. Seneca (JVa^ Qu<M/.,vii., 3) quotes 
the antagonistic evidence of ApoUonius Mvndius and Epigenes. The 
latter is seldom mentioned, yet Plinius (vii., 57) represents him as 
** gravis auctor in primiis/' as does also, without praise, Oensorius, 2>< 
die Naialif cap. xvii., and Stob., Eel. Phy:^ i., 29, p. 586, ed. Heeren. 
(Compare Lobeck, Aglaoph,t xi.) Diodorus (xv., 50^ believes that the 
universal and urevaiUng oninion among the Dabylonian astrologers 
(the Chaldeans) was, that the cometa reoppeared at definite times in 
their certain orbits. The division which provaile<l between the Pytha- 

goreans as to tlio planetary nature of the comets, and which is mentioned 
y Aristotlo (AfeteoroL, lib. i., cap. vi., 1) and Psoudo-l'lutarch (De Plae. 
Phiiot,, lib. iii., ciii). ii.), cxtunded, according to the former {ilcteoroL, 
i., 8, 2), also to the nature of the Milky Way, the forsaken course of 
the Sun, or of the overthrown Phaeton. (Compare also Letronne, in 
the Mim. de VAcad. des Imcriptiont, 1839, torn, xii., p. 108.^ By some 
of ihu J*ythagoreans the opinion of Aristotle was adviinceJ, '* that the 
comets belonged to the number of those planets which, like Mercury, 
only became visible after a long time when rising in the course above 
the horizon.*' In the extremely fragmentary Pseudo-Plutarch it is said 
that they ** ascend at deHnite times after a complete revolution." A 
great deal of matter, contained in separate works, referring to the na- 
ture of the comets, has been lost to us^*that of Arrinn, which Stobseus 
employed ; of Charimander, whose mere name has been retained only 
by Seneca and Pappus. Stobious brings forward, as the opinion of the 
Chaldeans {Eclog,, lib. i., cap. xxv., p. 61, Christ, Planiinns), that the 
reason the comets remain so seldom visible to us is because they hide 
themselves in the depths of the ether (of space), like the fish in the 
depths of the ocean. The most graceful, and, in spite of its rhetorical 
coloring, the best founded opinion of antiquity, and the one correspond- 
ing most closely with present views, is tnat of Seneca. In the Jiat, 
Qutut,, lib. vii., cap. xxii., xxv., and xxxi., we read, " Non enim existi* 
mo cometem subitaneum ignem sed inter a2tema opera nutuno. Quid 
enim miramur, cometas, tam rarum mundi spectacuium, nondum teneri 
legibus certis 7 uec initia illorum finesque patescere, quorum ex ingen- 
tibus intervallis recursus est? Nondum sunt anni quingenti, ex quo 
GriBcia .... stellis numeros et nomina fecit. MulUeque hodie sunt 

Sentes, que tantum facie noverit coelum ; quae nondum sciant, cur Luna 
eGciat, quare obumbretur. Hoc apud nos quoque nuper ratio ad cer- 
ium perduxit. Veniet tempus, quo ista, anas nunc latent, in lucem dies 
extrahat et longioris otvi diligenlia. Voniut tempus, quo poster! nostri 
lam aperta nos uoscisso mirentur. Elousis servat, qnod osteudat rovi 
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Analogous fluotuations botwoon oosmioal and tonostrial hv- 
pothcBes, between universal space and the atmosphere, still 
lead, at last, to a more correct view of natural phenomena. 



IV. 

THE RING OF THE ZODIACAL LIGHT. 

In our solar system, so rich in varieties of form, the exist- 
ence, place, and configuration of many individual members 
have been discovered, since scarcely a century and a half, 
and at long intervals of time : first, the subordinate,' or |xzr- 
ticular systems^ in which, analogous to the principal system 
of the Sun, smaller spherical cosmical bodies revolve round a 
larger ; then concentric rings round one, and that, indeed, 
one of the less dense and exterior planets which possesses 
the greatest number of satellites ; then the existence, and 
probably material cause, of the mild, pyramidal-formed, zo* 
diacal light, very visible to the naked eye ; then the mutu- 
ally intersecting orbits of the so-called small planets, or os- 
teroidSt inclosed between the regions of two principal planets, 
and situated beyond the zodiacal zone ; finally, the remarka- 
ble group of interior comets, whose aphelia are smaller than 
those of Saturn, Uranus, and Neptune. In a cosmical repre- 

sentibus. Rernm natura sacra sua non simni tradit. luitiatos nos ore- 
dimiis; in vestibulo ejus hieremuB. Ilia arcana non promisciie ueo om- 
nibus patent, reducta et in interiore sacrario clausa sunt. Ex quibns 
aliud htec letas, atiud qus post nos subibit, dispiciet. Tarde magna 
provehiunt.'' '* For I do not think that cbmets are a casual outburst 
of fire, but belong to the eternal works of nature. For why should it 
surprise us that comets, so rare a phenomenon, should not yet be sub- 
ject to the regulation of any known laws f and that their origin and 
ends should be hid from us, who see them only at immense interviils T 
It is not yet five hundred years since Greece gave names and number 
to the stars. And to this day there are many nations who know nothing 
of the heavenly bodies but as they appear to the eye, who are still ig 
norant of the causes of the waves ana eclipses of the moon ; even we 
ourselves have only lately attained an accurate knowledge of these phe- 
nomena. The time will arrive when the diligence of a remoter age 
shall throw light on subjects which are now involved in obscurity. 
The time will arrive when our posterity will wonder at our ignorance 
of things so plain to them. Eleusis reserves her favors for those who 
repeat their visits. Nature does not permit us to explore her sanctua- 
ry all at once. We believe we are initiated, whereas we halt at the 
very threshold. Those mysteries are not revealed indiscriminately to 
all; they are laid up and enshrined within the Denotralia. Some are 
revealed to the men of our age, some to those wno shall come tStet y» 
Great results proceed slowly." 

12 
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sentation of uhivenal space, it is necessary to call to mind 
the difference oi the members- of the solar system, which by 
no means excludes similarity of origin and lasting depend- 
ence upon the moving forces. 
- Great as is the obscurity whicli still envelops the material 
cause of the zodiacal light, still, however, with the mathe- 
matical certainty that the solar atmosphere can not reach 
beyond -f-^ of the distance of Mercury, the opinion supported 
by Laplace, Schubert, Arago, Foisson, and Biot, according to 
which the zodiacal light radiates from a vapory, flattened 
ring, freely revolving in space between the orbits of Venus 
and Mars, appears in the very deficient state of observation 
to be the most satisfactory. The outermost limits of the Sun's 
atmosphere, like that of Saturn (a subordinate system), could 
only extend to that point where tlie attraction of the uni- 
versal or partial central body exactly balanced the centrifu- 
gal force ; beyond this point the atmosphere must escape at 
a tangent, and continue its course either aggregated into 
spherical planets and satellites, or, when not aggregated into 
spheres, as solid and vaporous rings. From this point of 
view the ring of the zodiacal light comes within the cate- 
gory of planetary forms, which are subject to the universal 
laws of formation. 

From the small progress which this neglected part of our 
astronomical knowledge makes on the path of observation, I 
have little to add to that which I derived from the experience 
of others and myself, and have previously developed in the 
Delineation of Nature (vol. i., p. 127-134 ; vol. iv., p. 308). 
If, 22 years before Dominique Cassini, to whom the first de- 
tection of the zodiacal light is erroneously ascribed, Chil- 
drey, the chaplain of Lord Henry Somerset, had already re- 
commended this phenomenon to the attention of astronomers 
in his Britannica Baconica^ published in 1661, as one which 
had previously been unnoticed and observed by him during 
several years, in February and the commencement of March, 
so must I also mention (according to a remark of Olbers) a 
letter which JRothmann wrote to Tyoho, from whence it re- 
sults that Tycho saw the zodiacal light as early as the end 
of the sixteenth century, and considered it to be an abnormal 
spring-evening twilight. The strikingly greater luminous in- 
tensity of this phenomenon in Spain, ujpon the coasts of Va- 
lencia and the plains of New Castile, first incited me to con 
tiiiuous observation before I left Europe. The strength of 
the light — ^it might almost be called illumination — increased 
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nirpricdngly the more I approached the equator in South 
America atid the South S^a. Iti the continually dry, dear 
air of Cumana, in the grasB-Bteppes {llanos) of OaraooaB, upon 
the elevated plains of Cluito and the Mexican BeaB, espooial- 
ly at heights from eight to twelve thousand foet, where I 
could remain longer, the hrightness sometimes exceeded that 
of the most heautiful sparks of the Milky Way, hetween the , 
fore part of Argus and Sagittarius, or, to speak of our part of 
the hemisphere, hetween the Eagle and the Swan. 

Upon the whole, the hrightness of the zodiacal light did 
not appear to me to increase at all perceptibly with the e2e- 
vation of the point whence it was seen, but much rather to 
depend principally upon the interior variability of the phe* 
nomenon itself — upon the greater or Icbb intensity of the 
light-giving process, as is shown by my obsorvations in the 
South Sea, in which, indeed, a reflection was remarked like 
that seen on the going down of the Sun. ' 1 say principally » 
since I do not deny the possibility of a simultaneous influence 
of the condition of the air (greater or less diaphaneity) of the 
higher strata of the atmosphere, while my instruments indi* 
cated in the lower strata no hy^rometrio variations, or, much 
rather, favorable ones. Advances of our knowledge of the 
zodiacal light are to be expected especially from the tropics, 
where the meteorological processes attain the highest degree 
of uniformity or regularity in the periodical recurrence of the 
changes. The phenomenon is there perpetual ; and a careful 
comparison of observations at points of different elevation and 
under different local conditions, would, with the application 
of the theory of probabilities, decide what should be ascribed 
to cosmical light-processes, what to merely meteorological in- 
fluences. 

It has been repeatedly afHrmed that in Europe scarcely 
any zodiacal light, or only a feeble traco of it, could bo seen 
in several successive years. Has the light appeared proper* 
tionately weakened in such years in the equinoctial zone 
also? The investigation must not, however, be restricted to 
the statement of the configuration according to the distance 
(roni known stars or direct measurements. The intensity of 
the light, its uniformity or probable intermittence (darting 
and flashing V its analysis by the polariscope, should be espe- 
cially investigated. Arago {Annuaire for 1836, p. 289) has 
already pointed out that the comparative observation of Dom- 
inique Cassini would perhaps clearly prove ''que la supposi- 
tion des intermittences de la diaphanit6 atmosph6rique ne 
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saurait Buffire a rexplication des variations signaldos par cet 
astronome" — " that the supposition of intermittent variations 
in the diaphaneity of the atmosphere would not suffice for the 
explanation of the changes indicated by that astronomer. ' 

Immediately after the observations of this great astronomer 
at -Paris, and of his friend Fatio de Duillier, an inclination to 
similar labors showed itself in Indian travelers (Father Noel, 
Oe Beze, and Duhalde) ; but isolated reports (for the greater 
part only describing the gratification experienced at the un* 
usual prospect) are not available for the sound discussion of 
the causes of the variabiUty. It is not by rapid travels or so- 
called voyages round the world, as the labors of the active 
Horner have recently shown (Zach, Monatl, Corresp,, bd. x., 
p. 337-340), that the deserved object is to be obtained. It 
IS only by a permanent stay of several years in some tropical 
country that the problem of variable configuration and lu- 
minous intensity can bo solved. Therefore, tlio most is to bo 
expected for the subject which now occupies us, as well as for 
tho entire science of meteorology, from the ultimate diflusion 
of sciontifio culture throughout the cquiiioctiul world — the for* 
mer Spanish America — where largo populous towns, Cuzco, 
La Paz, Potosi, are situated between 10,700 and 12,500 feet 
above the level of the sea. The numerical results which 
Houzeau was able to obtain, though certainly based upon 
only a small number of observations, make it probable that 
the major axis of the zodiacal light no more coincides with 
the plane of the Sun*s equator, than the vapory mass of the 
ring whose molecular condition is unknown to us extends be- 
yond the Earth's orbit. (Schum., Astr, Nachr., No. 492.) 



V. 

FALLING STARS, FIRE-BALLS, AND METEORIO STONES. 

Since the spring of 1845, when I published iheDdinea" 
tions ofNaturCt or the general survey of cosmical phenomena, 
the previous results of the observation of aerolites and periodic 
streams of falling stars have been abundantly extended and 
corrected. Much has been subjected to a stricter and more 
careful criticism, especially the discussion, so important for 
the whole of this mysterious phenomenon, of the divergence, 
f . e., the situation of the point of departure in the recurring 
epochs of fliwarms of falling stars. Tho number of these 
epochs, also, of which, for a long time, the August and No- 
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veniber psriods alone attracted attention, has been increased 
by recent observations, whose results preseiit a hiffh degree 
of probability. From the meritorious labors, first of Brandos, 
Benzenberg, Olbers, and Bessel, subsequently of £rman, Bo- 
guslawski, Q^uetelet, Feldt, Saigey, Edward Heis, and Julius 
Schmidt, corresponding measurements haye been commenced, 
and a more generally difluscd mathematical spirit has ren« 
derod it more difTicult, through self-deception, to make uncer- 
tain observations agree with a preconceived theory. 

The progress in the study of -fire-meteors would be so much 
the quicker in proportion as facts are impartially separated 
from opinions, and details put to the test ; but not every thing 
discarded as being imperfectly observed which can not yet be 
explained. It appears to me most important to separate the 
physical relatioils from the geometrical and numerical rela- 
tions, which latter are, upon the whole, capable of being es- 
tablished with greater certainty. To this class belong alti- 
tude, velocity, individuality, and multiplicity, of the points of 
departure when divergence is detected ; the mean number of 
fire-meteors in sporadic ox periodic appearances, reduced, ac^ 
cording to their frequency, to the same measure of time ; the 
magnitude and configuration in connection with the time of 
year, or with the length of time from midnight. The inves- 
tigation of both kinds of relations, the phyncal and the geo^ 
metrical^ will gradually load to one and the same end ~* to 
genkic considerations as to the intrinsic nature of the phe- 
nomenon. 

I have already pointed out the fact that, upon the tolude, 
intercourse with universal space and its contents is restricted 
to that which we acquire through oscillations exciting light 
and heatt as well as by the mysterious attractive forces which 
remote masses (cosmical bodies) exercise upon our terrestrial 
globe, its oceans and atmospheric envelope, according to the 
quantity of their material particles. The luminous vibra- 
tions which proceed from the smallest telescopic stars of a 
resolvable nebula, and of which our eyes are sensible, brings 
us a testimony of the oldest existence of matter, in the same 
way that it mathematically demonstrates to us the certain 
knowledge of the velocity and aberration of light.*" A sen- 

* The aspect of the starry heavens present to us objecta oi unequal 
date. Much has long ceased to exist before the knowledge of its pret- 
ence reaches us; much has been otherwise arranged. Cotmot^ vol. i., 
p. 154, and vol. iii., p. 89, and note. fOompare also Bacon, Nov, Organ. f 
bond., 1733, p. 371, and W. Herichel,in Phil. Trout, for 1802, p. 4^8.) 
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latioQ of light from the depths of the star-filled space of 
heaven leads us back, by means of a chain of ideas, through 
myriads of centuries into the deptJis of antiquity. Although 
the impression of light which streams of falling stars, explod- 
ing aeroUte Are- balls, or similar fire-meteors give, may be of 
an entirely different nature ; althotigh they may not take fire 
until they enter the Earth's atmosphere, still the falling 
aerolites present the solitary instance of a material connec- 
tion with something which is foreign to our planet. We 
are astonished ** at being able to touch, weigh, and chem- 
ically decompose metallic and earthy masses which belong 
to the outer world, to celestial space," to find in them the 
minerals of our native earth, making it probable, as the 
great Newton conjectured, that the materials which be- 
longed to one group of cosmical bodies are for the most part 
the same.* 

For the knowledge of the most ancient falls of aerolites 
which are determined with chronological accuracy, we are 
indebted to the industry of the all-registering Chinese. Such 
reports reach back to the year 644 before our era ; therefore 
to the time of Tyrtmus and the second Messenian war of the 
Spartanft, 179 years before the fall of the enormous meteoric 
mass near iBgos Fotamos. Edward Biot has found in Ma- 
tuan-lin, which contains extracts from the astronomical sec- 
tion of the most ancient annals of the empire, sixteen falls of 
aerolites for the epoch from the middle of the seventh cen- 
tury before Christ up to 333 years after Christ, while the 
Greek and Roman authors mention only four such phenom- 
ena during the same space of time. 

It is remarkable that the Ionian school, in accordance with 
our present opinions, early assumed the cosmical origin of 
meteoric stones. The impression which such a magnificent 
phenomenon as that of Mgos Po tamos (at a point which be- 
came still more celebrated sixty-two years afterward by the 
conclusion of the Feloponnesian war by the victory of Lysan* 
der over the Athenians), made upon all the Hellenic races, 
must have exerted a decisive and not suflicieutly regarded 
influence upon the direction and development of the Ionian 
physiology.] Anaxagoras of Clazomena was at the mature 
age of thirty two years when that event of nature took place* 
According to him, the stars are masses torn away from the 

* Cotmos, vul. i., p. 132. 

t See Ihe opiiiiona of the Greeka na to the fiilla of meteoric atones, in 
Coimos, vol. i., p. 133 ; vol. ii., p. 309, note *. 
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earth by tho violcnco of the rotation (Vlxitf De Plac, Philos,^ 
iii., 13). He considers that the whole hoavons may be com- 
posed of stones (Plato, X)& Legib., xii., p. 967). The stony 
solid bodies are made to ^low by the fiery ether, so that they 
reflect the light communicated to them by the ether. Lower 
than the Moon, and still bettreen her and the Earth, there 
move, says Anaxagoras, according to Theophrastus (Stobasus, 
Eclog. Phys., lib. i., p. 660), yet other dafk bodies, which 
can also produce eclipses of the Moon (Diog. Laert., ii., 12 ; 
Origenes, Philosophum, cap. viii.). Diogenes of A'pollonia, 
who, if he is not a disciple of Anaximenes,*^ still probably 
belongs to an epoch between Anaxagoras and Democritus, 
expresses himseli still more distinctly as to the structure of 
the world, and, as it were, more moved by the impression of 
the great fall of aerolites. According to him, as I have al- 
ready mentioned, " invisible (dark) masses of stone move with 
the visible stars, and remain, on that account, unknown. The 
former sometimes fall upon the earth, and are extinguished, 
as happened with the stont/ star which fell near iBgos Po- 
tamos.'' {Stoh., Eclog., ^ 608. )t 

The '* opinion of some physicists" as to fiery meteors ^fall- 
ing stars aud aerolites), which Plutarch develops in detail in 
the life of 'Lysander (cap. xii.), is precisely that of the Ore- 
tan Diogenes. " Falling stars," it is said there, ** are not 
ejections and waste of tho ethereal fire, which, when they 
enter our atmosphere, are extinguished after their ignition ; 
they are much rather the off'Shoots of celestial bodies, of such 
a nature that, by a slackening of the revolution, they are shot 

* BraDdis, Oesek, der Orieehiteh-Rdm, Philosophies torn. i., p. 272-^ 
277, against Schleiermacher, in the Abhandl. der Berl. Akad. from the 
year 1804-1811 (Berl., 181.5), p. 79-124. 

t Wben Stobeus, iu the same passage ( Eelog, Phys*, p. 508), ascribes 
to the Apollonian that he had called the stars pHmiee-sUme-like bodies 
(therefore porous stones), the occasion for this term might have been 
the idea so geuenilly ditnised in antiquity, that all celestial bodies wore 
nouriMhed by moist exhaialions. The Sun gives back again what it 
afftorbed. ( Aristot., MeleoroL, ed. Ideler, torn, i., p. 509 ; Seneca, JVo^ 
Qutett., lib. iv., 2.) The pumice-stone-like cosmical bodies have their 
(leculiur exhalations. '* These, which can not be seen so long as they 
wander round in the celestial space, are elones; they ignite aud are 
extinguished again when they fall to the earth." (Pluf. , De P/ae. 
Philos., ii., 13.) Pliny considers the fall of meteoric stones as frequent 
(I'liuius, i., .59) : " Decidere tamen crebro, non erit dnbinm.'* He also 
knew that the fall in clear air produced a loud noise (ii., 43). The ap- 
puroutly auidogous passage iu Seneca, in which he mentions Anaxime* 
ues {Nat. Qnael., lib. it., 17), refers probably to the thauder in a 
«torm<4.1oud 
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down."* We find nothing of this view of the structure of 
the universe, this assumption of dark cosmical hodies which 
fall upon bur earth, in the doctrines of the old Ionic schools, 
from Thales and Hippocrates to Empedocles.f The impres- 
sion made hy the joccurrence of nature in the 78th Olympiad 
appears to have powerfully called forth the idea of the fall 
of dark masses. In the more recent Pscudo-Flutarch (Flac, 
ii., 13), we road merely that the Milesian Thales considered 
'* all stars to ho earthy and fiery hodies {yedidrj ical innvpa)" ' 
The endeavors of the earlier Ionic physiology wore directed 
to .the discovery of the primitive cause of all things, forma- 
tion by mixture, gradational change and transition of one 
kind of matter into another: to the processes oogenetic de- 
velopment by solidification or dilution. The revolution of 
the sphere of the heavens, '' which holds the Earth firmly in 
the center,'' was already conceived by Empedocles as an act- 
ively moving cosmical force. Since, in these first attempts 
at physical theories, the ether, ihejlre-air (and, indeed, fire 
itself), represents the expansive force of heat, so the idea of 
the propelling revolution rending fragments from the Earth 
became connected with the lofty region of the ether. There- 
fore Aristotle calls {Meteorol., i., 339, Bekker) the ether "the 
eternally moving body,"} as it were the immediate substra- 
tum of motion, and seeks for etymological reasons for this as- 
sertion. On this account, we find in the biography of Ly- 
sander " that the relaxation of the centrifugal force causes 
the fall of celestial bodies ;" as also in another place, where 
Plutarch, evidently alluding again to opinions of Anaxago- 
ras, or Diogenes of Apollonia {De Facie in Orbe Lunce, p. 
9-23), puts forward the assertion ** that the Moon would full 
to the Earth like a stone in a sling if its centrifugal force 

• 

* This remarkable passage (Plut., Ly<., cap. xii.}, literally translated, 
runs thus : '* But there is another and more probable upiniou, which 
holds that falling stars are not emanations or detached parts of the el- 
ementary fire, that go out the moment they are kindled, nor yet a quan- 
tity of air bursting out from some compression, and taking fire in the 
upper regions ; but that they are really heavenly bodies, which, from 
some relaxation of the rapidity of their motion, or by some irregular 
concussion, are loosened and fall, not so much upon the habitable part 
of the globe as into the ocean, which is the reason tliat their substance 
is seldom seen." 

t With regard to absolutely dark cosmical bodies, or such in which 
the Hght'procesi ceases (periodically t); as to the opinions of moderns 
(Laplace and Dessel) ; and BessePs observation, confirmed by Peteis in 
K5ui^sberg, of a variability of the proper motion of Procy on, see Cosmos, 
vol. hi., p. 1G4-1 G6. t Compare CoMtnos, vol. iii., p. 31^3. 
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ceased."* Thus we see in this simile, after the assumption 
of a centrifugal revolution which Empedocles perceived in 
the apparent rotation of the celestial sphere, a centripetal 
force gradually arise as an ideal antithesis. This force was 
specially and most distinctly descrihed hy the acute inter- 
preter of Aristotle, Simplicius (p. 491, Bekker). . He explains 
the noTpfcUling of the celestial hodies thus : " that the cen- 
trifugal force predominates over the proper faUforce, the 
drawing downtoard*^ These are the fint conjectures re- 
specting active central forces'; and the Alexandrian, Johan^ 
nes Philoponus, a disciple of Ammonius Hermea, prphablv 
of the sixth century, as it were, recognizing also the inertia 
of matter, first ascribes 'Uhe motion of the revolutionary 
planets to a primitive impulse,** which he ingeniously {De 
Creatione Mundi, lib. i., cap. xii.) luiitcs with the idea of 
the " fall, a tendency of all noavy and light bodies toward 
the Earth." Wo have thus endeavored to show how a great 
phenomenon of nature and the earliest purely co$mical ea> 
planatiofi of a fall of aerolites essentially contributed in 
Grecian antiquity, step by step, but certainlv not by math- 
ematical reasoning, to develop the germ which, fostered by 
the intellectual labors of the foUowing centuries, led to Huy- 
gens's discovery of the laws of circular motion. 

Commencing from the geometrical relations of the periodic 
(not sporadic) lulling stars, we direct our attention especially 
to what recent observations as to the divergence or point of 
departure of the meteors, and their entirely planetary ve- 
locity, have made known. Both these circumstances, di- 
vergence and velocity, characterize them with a high degree 
of probability as luminous bodies which present themselves 
independently of the Earth's rotation, and penetrate into our 
atmosphere Jfrom vrithotU, from space. The North Amer- 
ican observations of the Novem>ber period on the occasion of 
the falls of stars in 1833, 1834, and 1837, indicated as the 
2)oint of departure the star y Loouis ; the observations of 
the August phenomenon, in the year 1839, Algol in Perseus, 
or a ]ioint between Perseus and Taurus. These centers of 
divergence were about the constellations toward which the 
Earth moved at the same epoch.t Sai^ey, who has submit- 



* The remarkable passage alluded to in the text in Flatarch, De Faeii 
in Orhe Luna, p. 923, is literally translated, ** However, the motion of 
the' Moon and the violence of the revelation itself prevents it fitim fall- 

their 
119 



Ing, jast as thinss placed in a sling are prevented from falling by 
motion in a circle " t Cosmot, vol. i., p. 118, 1' 
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ted the American observations of 1833 to a very accurate in- 
vestigation, remarks that the fixed radiation from the con- 
stellation Leo is only observed properly after midnight, in the 
last three or four hours before daybreak ; that of eighteen ob- 
servers between the town of Mexico and Lake Huroni only 
ten perceived the same general point of departure of the me- 
teors,*" 'which Denison Olmsted, Professor of Mathematics in 
New Haven (Connecticut), indicated. 

The excellent work of Edward Heis, of Aix-la-Chapelle, 
which presents in a condensed form the very accurate ob- 
servations of falling stars made by himself during ten years, 

^contains results as to the phenomena of divergence, which 
are so much the more important as the observer has dis- 
cussed them with mathematical strictness. According to 
him,t ** the falling stars of the November period present the 
peculiarity that their paths are more dispersed than those of 
the August period.' In each of the two periods there were 
simultaneously several points of departure by no means al- 
ways proceeding from tfie same constellation, as there was 
too great a tonduucy to assume since the year 1833." Be- 
sides iho prificipal point of departure of Algol in Perseus, 
Heis finds in the August periods of the years 1839, 1841, 
1842, 1843, 1844, 1847, and 1848, two others in Draco and 
the North Pole.% *' In order to deduce accurate results as 
to the points of departure of the paths of the falling stars in 
the November periods for the years 1839, 1841, 1846, and 

.1847, for the four points (Perseus, Leo, Cassiopeia, and the 
Dragon's Head), the mean path belonging to each was drawn 
upon a thirty-inch celestial globe, and in every case the po- 
sition of the point ascertained from which the greatest num- 
ber of paths proceeded. The investigation showed that of 
407 of the falling stars indicated according to their paths, 
171 came from Perseus, near the star 97 in Medusa's Head, 
63 from Leo, 35 from Cassiopeia, near the changeable star a, 

* Coulvier-Gravier and Saigey, Reeherchet iur let Etoiles FilanUt, 
1847. n. 69-8G. 

t " The periodical falling itars, and the resalU of the phenomena de- 
duced from the ubservatiuns carried on during the lust ten years at Aix- 
lu-Chapello, by Edward Heis," 1849, p. 7 and2G-30. 

I The statement of the North Pole being a center of radiation in the 
Angufitt period is founded only upon the observations of the one year 
1839 (lOih of August), A traveler in the East, Dr. Asahel Grant, re- 
porU fi-oiH Murdin, in Mesopotamia, ** that about midnight the sky was, 
as it were, furrowed with falling stars, nil of which proceeded from tho 
region of the polar star." (Heis, p. 28, from a letter of Henick's to 
Quetelet's and Grant's Diary.) 
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40 from the Dragon's Head, but full 78 from undetermined 
points. Tho number of falling stars issuing from Perseus 
consequently amounted to nearly double those from Leo."* 

The divergence from Perseus has consequently shown it 
self in both periods as a very remarkable result: An acute 
observer, Julius Schmidt, attached to the Observatory, at 
Bonn, who has been occupied with meteoric phenomena for 
eight or ten years, expresses himself upon this subject with ' 
great decision in a letter to me (July, IS61) : ** If I deduct 
fruni the abundant falls of shooting stars in November, 1833, 
and 1834, as well as from subsequent ones, that kind in which 
the point in Leo sent out whole swarms of meteors, I am at 
present inclined to consider the Perseus point as that point 
of divergence which presents not only in August, but through- 
out tho tvliole year, the most meteors. This point is situated, 
according to the result deduced from 478 observations by 
Heis, in Rt. Asc. 50*3° and Decl. 51*5° (holding good for 
1844-6). Li November, 1849 (from the 7th to the 14th), 
I saw some hundreds more shooting stars than I have ever 
remarked since 1841. ' Of these only a few, upon the whole, 
came, from Leo ; by far the greater number belonged to the 
constellation of Perseus. It ibllows from this, as it appears 
to me, that the great Noveuiber phenomenon of 1799 and « 
1833 did not appear at that time (1841). Olbers also be- 
lieves that the maximum November appearance has a pe- 
riod of thirty-four yedrs {Cosmos, vol. i., p. 127). If the di- 
rections of the meteor-paths lure considered in their full com- 
plication and periodical recurrence, it is. found that there arc 
certain j9c?tn^s of divergence which are always represented, 
others which appear only sporadically and changeably." 

Whether, moreover, the different points of divergence alter 
with the years — which, if closed rings are assumed, would 
indicate an alteration in tho situation of tho ring in which 

* Thin propondcmiico of Pcnous over Loo, ns n point of donnrtui*o, 
did not by any inenns obtniii in tlio observationii at Bretiion on the ni|;ht 
of the |{th November, 1838. A very experienced observer, Roswinkel, 
saw, on the occasion of a very abundant fall. of shooting stars, almost all ■ 
the paths proceed from Leo and the southern part of Ursa Minor; while 
in the nigot of the ||th of November, on the occasion of a fall but little 
less abimdant, only fonr paths proceeded from Leo. Olbers (Schum., 
A»ir, Naehr., No. 372^ adds very significantly, On this night paths did 
not appear at all pumllel to eacn other, and snowed no relation to Leo: 
they appear, on account of the want of parallelism, to belong to the 
sporadic and the periodic class of falling stars. The jiroper November 
period was, however, certainly not to be compared m brillianoy with 
those of the yean 1799, 1832, and 1833." 



212 008M08. 

the meteors xnove-^aii not at present be determined v^tn 
certainty from the observations. A beautiful series of such 
observations by Ilouzoau (during the years 1830 to 1842) 
appears to oiler evidence against a progressive alteration.* 
Edward Heist has very correctly remarked that, in Grecian 
and Roman antiquity, attention had already been directed to 
a certain temporary uniformity in the direction of shooting 
stars darting across the sky. That direction was then con- 
sidered as the result of a wind already blowing in the higher 
regions of the atmosphere, and predicted to the sailors an ap- 
proaching current of air descending thence into the lower re- 
gions. 

If the periodic streams of shooting stars are distinguished 
from the sporadic by the frequent parallelism of their paths, 
proceeding from one or more points of divergence, a second 
criterion of them is the numerical — the number of indi vidua, 
meteors referred to a defmito measure of time. We come 
here to the much-disputed question of the distinction of an 
extraordinary from an ordinary fall of shooting stars. Two 
excellent observers, Olbors and duetelct, have given as ^ho 
mean number of meteors which can be reckoned hourly in 
the range of vision of one person upon not extraordinary 
days, the former five to six, the latter eight meteors.} For 
the discussion of this question, which is as important as the 
determination of the laws of motion of shooting stars, in ref- 
erence to their direction, a great number of observations are 
required. I have therefore referred with confidence to the 
already-mentioned observer, Herm Julius Schmidt at Bonn, 
who, long accustomed to astronomical accuracy, takes up 
with his peculiar energy the whole phenomena of meteors — • 
of which the formation of aerolites and their fail to the Earth 
appear to him merely a special phase, the rarest, and there- 
fore not the most important. The following are the principal 
results of the communications which I requested from him.i 

* Saigey, p. 151 ; and upon Erman's determination of the pointt of eon' 
vergenee diametrically opposed to the points of divergence, p. 125-129. 

t Heis, Period. Stemtehn., p. 6. ^Compare also Aristot., Problem,, 
zxvi., 23; Seneca, Nut. Quasi., lib. i., 14: ''Vontum sigtiiticat stella- 
rum discurreutiiim lapsus, et quidem ab ea parte qua erumpit."^ I 
have myself long believed in the influence of the wind upon the direc- 
tion of the shooting stars, especially during my stay at Marseilles at the 
time of the Egyptian expedition. i Cotmos, vol. i., p. 1 13. 

^ All that is marked in the text wiih invertod commns I am indebted 
for to the friendly communication of Herrn Julius Schmidt, attached to 
the observatoiy at Bonn. With regard to his earlier works of 1844, 
see Saigey, p. 159. 
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The mean number of sporadic shooting Btan appearing 
there has been found, from many years of observation (be- 
tween 3 and 8 years), a fall of from four to five in the hour 
This is the ordinary condition when nothing periodic occurs 
The mean numbers of sporadic meteors in the individual 

months give for the hour, January, 3*4 ; February, 

March, 49 ; April, 2*4 ; May, 3*9 ; June, 63 ; July, 4*6 
August, 5*3 ; September, 4*7 ; October, 4*5 ; November, 5*3 ; 
December, 4*0. 

** Of the periodic meteors there may be expected, on the 
average, in each hour, cUnwe 13 or 15. For a single period, 
that of August, the stream of Laurentius presented the follow- 
ing gradual increases from sporadic to periodic, upon an av- 
erage of from three to eight years of observation. 

Time. metoorsln Zr^zSI 

6th of August 6 . . 4 1 

7th " 11 3 

8th " 15 4 

9th " 29 8 

10th " 31 6 

11th " 19 5 

12th " 7 3 

The last year gave for the hour, notwithstanding the clear 
moonlight : 

On the 7th of August 3 Meteors. 

8th " 8 " 

9th " 16 " 

10th " 18 " 

11th " .3 " 

12th ** 1 Meteoi. 

(According to Hois, there were observed on the 10th of Au- 
gust: 

' 1839, in one hour, 160 Meteors. 
1841 " 43 " 

1841 " 50 

In the August meteor-stream in 1842, there fell at the time 
of the maximum, in ten minutes, 34 shooting stars.) All 
these numbers refer to the circle of vision of one observer. 
Since the year 1838, the Novomber falls have been less brill- 
iant. (On the 12th of November, 1839, Heis still counted 
hourly 22 to 35 meteors ; likewise, on the 13th of Novem* 
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ber, 1846, upon the avorage, 27 to 33.) So variable is the 
abundance of the periodio BtreamB in individual yearH ; but 
the number of tho falling meteors aUvayH remains consider- 
ably greater than in ordinary nights, whioh shoW in one hour 
only four or five sporadic falls. The m^jteors appear to be 
the most seldom in January (calculating from the 4tli), Feb- 
raary, and March.*^ 

" Although the August and November periods are justly 
the most celebrated, slill, since the shooting si-ars have been 
observed with greater accuracy, as to their number and par- 
allel direction, yet five others have been discovered. 

January ; during the first days between the 1st and 3d ; 
probably some\t hat doubtful. 

April: 18th or 20th? already conjectured by Arago. 
(Great streams: 25th of April, 1096, 22d pf April 1800, 
20th of April, 1603 ; Cosmos, vol. i., p. 125-126. A91 
nuaire for 1836, p. 297.) 
May : 26th ? 

July: 26tli to the 30th; Quotelot. l^Iaximum prop- 
erly bclwocn tho 27th and 29th of July. The most an- 
cient Chinese observations gave Edward Biot (unfortunate- 
ly too soon taken away) a general maximum between the 
18th and 27th of July. 

August, hni before the Laurentius stream, especially be- 
tween the 2d and 5th of the month. For the most part, 
no regular increase is remarked from the 20th of July t« 
the 10th of August. 

..... The Laurentius stream itself, M usschenbrock 
and Brandos {Cosm>os, vol. i., p. 124, and note ^). Decided 
maximum on the 10 th of August ; observed for many years. 
-(According to an old tradition, which is diffused among 
the mountain regions about Felion in Thessaly, on the feast 
of the Transfiguration, the 6th of March, the heavens open 
during the night, and the lights (itavdriXia) appear in. the 
midst of the opening ; Herrick, in Silliman*s Amer, Jour- 
nal, vol. xxxvii., 1839, p. 337 ; and ductelet, iii the Nouv. 
M6m, de VAcad, de JSruacelles, tom. xv., p. 9.) 

October : the 19 th and the days a.bout the 26th ; due- 
telet; Boguslawski, in the **Arbeiten der.schles. GesdU 

schaftfur vaterL Cultur,** 1843, p. 178 ; and Heis, p. 83. 

» 

* I have, however, myself observed a considerable fall of shooting 
•tars on the i6th of March, 1803, iu the South Sea (Lat. 13|o N.). 
Also, 687 years oe&tre our era. tvcc ineteor-streams were seen in Ohina. 
hi the month of March [^Cotmot, vol. i., p. 128). 
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The latter instituted observations on the 21st of October, 
1766, 18th October, 1838, 17th October, 1841, 24th of 
October, 1845, ^th October, 1847, and };th October, 1848. 
(See remarks upon three October phenamenat in the years 
902, 1202, and 1366, Cosmos, vol. i., p. 128, and note t.) 
The conjecture of Boguslawski, that the Ohinese swarms 
of meteors, of the 18th and 27th of July, and the fall of 
shooting stars of the 2l8t of October (O.S.), 1366, may be 
the now advanced August and November periods, loses, 
nuch of its weight after the recent experience of 1838- 
1848.* 

November : |}th, very seldom the 8th or 10th. The 
great fall of meteors of 1799, in Cumana, on the -l^th of 
November, which Bonpland and I have described, so far 
gave occasion to believe in periodic appearances upon 
certain days, that on the occasion of the great fall of me- 

* An entirely similar fall of ihooting stare as that which the younger 
Bogiulawski found for October 21st, 13G6 (O.S.), in Denesse de Horo- 
vie, Chronieon Eecluite Pragemit ( CoMmos, yol. i., p. 128), is fully de- 
scribed in the fnnious historical worlcof Duarte Nunez do LiAo {Ckron^ 
ieeu dns Reis de Portttral Reformadot, pt i., Lisb., 1600, f. 187), but 
placed i^tbe right of the 22d to 23d of October (O. S.V Were there 
two streams seen in Bohemia, and on. the Tagus, or lias one of the 
chroniclere erred in a day t The following are the words of the Portu- 
guese historian : '* Vindo o anno de 136G, sendo andndos xxii. dias do 
itoes do Octubm, tros mosos antes do fallocimonto dol Roi D. ]*odro (de 
Portu^l)i se foz no ceo hum movimontu do ostrollns, qnal ot liomoot 
nOo viriU) nem ouviriKo. E foi que desda mea noite por diante correrflo 
todalas strellas do Levante para o Ponente, e acabado de serem juntas ' 
come^arilo a correr humas para hama parte e outn&s para ontra. E 
despois descerao do ceo tantes e tam spessas, qne tanto que forSo bexas 
no ar, parecifto grandes fogoeiras, e que o ceo e o ar ardtfto, e qne a 
mesma terra qneria arder. O ceo parecia partido em muitas partes, 
alii onde strellas nao stavfto. E isto durou per mnito spafo. Os que 
isto vijlo, houverio tam grande medo e pavor, quo stavAo como attoni- 
tos e cuidavfio todos de ser mortos, e qne era vinda a fim do mundo." 
" In the year 136G,and xxii. days of the montli of October behig past, 
three months before the death of the king, Dom Pedro (of Portugal), 
there was in the heavens a movement of stare, such as men never be« 
fore saw or heard of. At midnight, and for some time after, oil the stare 
moved from the east to the west ; ond after being collected together, 
they began to move, some in one direction, and othera in another. And 
afterward they fell from the sky in such numbere, and so thickly to- 
irether, that as they descended low in the air, they seemed large and 
fiery, and the sky and the air seemed to be in flames, and even the 
earth appeared as if ready to take fire. Tliat portion of the sky where* 
there were no stare seemed to be divided into many parts, and this 
lasted for a long time. Those who saw it were fillea with such great 
fear and dismay, that they were astounded, imagining they were stmok 
dead, and that the end of the world had come.'' 
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teors in 1833 (November, t}th) the phenomenon of the 

year 1799 was called to mind.*" 
. December: i^th; but in 1798, according to BrandcB's 

observation, December the fth ; Herrick, in New Haven, 

1838, Dec. }th; Heis, 1847, December 8th and 10th. 

'* Eight or nine epochs of periodic meteoric streams, of 
which the last five are most certainly determined, are here 
recommended to tho industry of observers. The streams of 
different months are not alone different from each other ; in 
different years, also, the abundance and brilliancy of the 
same stream varies strikingly. 

'* The upper limits of the height' of shooting stars can not 
be ascertained with accuracy, and Olbers considers all heights 
above 120 miles as hieing less certainly determined. The 
lower houndmQB which were formerly {Cosmos, vol. i., p 

^ Nearer epochs of comifarison might have been brought forward, if 
they had been known at that time ; fur example, the streams of meteurs 
observed by KlOden, 1823, Nov. ||th, in Totsdam; by Borard, 1831, Nov. 
JJth, ou tliu Spanish coast; and by Gmf Suchtuhi, ut Oronborg, 1832, 
Nov. ||th (Cotmot, vol. i., p. 124; and Schum., Ailr, Naehr,, No. 303. 
p. 242). Tlio great plienomenon of the 11th and 12th of November, 




IB. Upon the whole journey 
made through the forest region of the Orinoco southward, os far as Rio 
Negro, we found that the enormous foil of meteors had been seen by 
the missionaries, and in some cases recorded in the church books. In 
Labrador and Greenland, it threw the Esquimaux into a state of utter 
amazement as far as Lichtenau and New Hermhut (Ut. 64^ 14'). At 
Itterstadt, near Weimar, the pastor Zeising saw the same phenomenon 
that was at the same time visible under the ec^uator, and near the north 
polar circle in America. Since the periodicity of the St, Laurentius 
tiream, August 10th, did not attract general attention until long after 
the November period had, I have carefully placed together all the con- 
siderable and accurately-observed falls of shooting stars on the -j-Jth 

November known to me up to 1846. There are 15 : 1799, 1818, 1823, 
1823; 1831-1839, every year; 1841 and 1846. I exclude those falls 
pf meteors which differ by one or two days, such as those of the 10th 
of November, 1787, 8th of November, 1813. Such a periodicity close- 
ly connected with individual days is so much the more wonderful, as 
bodies of such a small mass are easily exposed to disturbances, and the 
breadth of the ring in which the meteors are supposed to be contained 
may surround the Earth for some days. The most brilliant November 
streams took place in 1799, 1831, 1833, 1834. (In my description of 
the meteor of 1799, the largest fire-ball has ascribed to it a diameter 
of P and li^, when it should be 1 and H lunar diameter.) This is 
also the place to mention the fire-ball which attracted the special at- 
tention of tho director of tho observatory at Toulouse, M. l*etit, and 
whose revolution round the Earth he has calculated. ( Compiet Rendue 
AoAt, 1847; and Schum., A»tr, Naehr,, No. 701, p. 71.) 
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120) generally Miimated at 16 miles (over 97,388 feet), must 
be greatly oontraotod. Some, aoeording to measurement, do- 
Boend very nearly to the level of the smnmit of Ohimborazo 
and Aconoagua, to the distance of four geographical miles 
above the level of the sea. Heis remarked, on the contrary, 
a falling star seen simultaneously at Berlin and Breslau on 
the 10th of Julv, 1837, had, according to accurate calcula* 
tion, a height of 248 miles when its light first became visi- 
ble, and a height of 168 on. its disappearance; others disap- 
peared during the same night at a height of 56 miles. From 
the older labors of Brandos (1823), it follows that of 100 well- 
defined shooting stars seen from two points of observation, 4 
had an elevation of only 4 to 12 miles ; 15 between 12 and 
24 m. ; 22 from 24 to 40 m. ; 35 (nearly one third) from 40 
to 60 m. ; 13 from 40 to 80 m. ; and only 11 (scarcely one 
tenth) above 80 m., their heights being beti^een 180 and 
240 miles. From. 4000 observations collected during nine 
years, it has been inferred, with regard to the color of the 
shooting stars, that two thirds are white, one seventh yellow, 
one seventeenth yellowish red, and only one thirty-seventh 
green.'' 

^ Olbers reports, that during the fall of meteors in the night 
of the 12th and 13th of November, in the year 1838, a beau; 
tiful northern light was visible at Bremen, which colored 
large parts of tlio sky with an intense blood-red li^ht. The 
sliooting stars darting across this region maintamed their 
white color, unaltered, whence it may be infened that the 
northern light was further removed from the surface of the 
Earth than the shooting stars were at that point where they, 
became invisible. (Schum., Astr. Nachr,, No. 372, p. 78.) 
The relative velocity of shooting stars has hitherto been es- 
timated at from 18 to 36 geographical miles a second, while 
the Earth has only a translatory velocity of 16*4 miles. 
{Cosmos, vol. i., p. 120, note *.) Corresponding observations 
of Julius Schmidt at Bonn^ and Heis at Aix-la-Chapelle 
(1849), gave as the actual minimum for a shooting star, 
which stood 48 miles vertically above St. Gear, and shot over 
the Lake of Laach, only 14 nules. According to other com- 
parisons of the same observer, and of Houzeau in Mens, the 
velocity of four shooting stars was found to be between 46 
and 95 miles in the second, consequently two to five times 
as great as the planetary velocity of the Earth. The cos- 
midal origin is indeed most strongly proved by this result, 
together with the constancy of the simple or multiple points 
Vol. IV.— K 
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of divergence, t. 0., together with the ciroumBtance chat 
periodic shooting stars, independently of the rotation of the 
Earth, proceed during several hours from the same star, 
even when this star is not that toward which the Earth is 
moving at the same time. ' According to the existing meas- 
urements, fire-balls appear to move slower than shooting 
stars ; but it nevertheless remains striking, that when the 
former meteors fall, they sink such a little way into the 
ground. The mass at Ensisheim, in Alsace, weighing 276 
poimds (November 7th, 1492), penetrated only 3 feet, and 
the aerolite of Draunau (July 14th, 1847) to the same depth. 
I know of only two meteoric stones which have plowed up 
the loose earth for 6 and 18 feet : these are the aerolites of 
Oastrovillari, in the Abruzzi (February 9th, 1583), and that 
of Hradschina, in the Agram district (May 6th, 1751). 

Whether aiiy thing has ever fallen frooi the shooting stars 
to the Earth, has been much discussed in opposite senses. 
The straw roofs of the parish Belmont (D6partement de TAin, 
Arondisscmont Bclloy), which wore set on firo by a meteor 
in the night of Novumbor 13th, 1835, just at the epoch of 
the known November phenomenon, received the fire, as it ap- 
pears, not from a falling shooting star, but from a bursting 
fire-ball, which problematical aerolite is said to have fallen, 
according to the statements of Millet d* Aubenton. A similar 
conflagration, caused by a fire-ball, occurred on the 22d of 
March, 1846, about three o'clock in the afternoon, in the com- 
mune of St. Paul, near Bagnere de Luchon. Only the fall 
of stones in Angers (on the 9th of July, 1822) was ascribed 
to a beautiful falling star seen near Poitiers. This phenom- 
enon, not sufilcicntly described, deserves great attention. The 
falling stars resembled entirely the so-called Reman candles 
used in fire- works. It left behind it a straight streak, very 
narrow above, and very broad below, which lasted for ten 
or twelve minutes with great brilliancy. Seventeen miles 
northward of Poitiers an aerolite fell with a great detona- 
tion. 

Does all that the shooting stars contain bum in the outer- 
most strata of the atmosphere, whose refracting power causes 
the phenomenon of twilight ? The above-mentioned various 
colors; during the process of combustion, admit of the infer- 
ence of a chemical difference in the substances. In addition 
to this, the forms of these fiery meteors are exceedingly vari- 
able ; some form merely pliospJiorescent lines of such fine- 
Dtss and number, that Forster, in the winter of 1832, saw 
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the sky illuminated by them with a feeble glow.* Many 
Bhootuig Biars move merely as luminous points, and leave no 
tail behind them. The combustion, attended with tapid or 
slow disappearanco of the tails, which are generally many 
miles in length, is so much the more remarkable, as the burn- 
ing tails sometimes bend and sometimes move onward. The 
shining for some hours of the tail of a fire-ball which had long 
disappeared, observed by Admiral Krusenstem and his com 
panions during their voyage round the world, vividly ctlls to 
mind the long shining of the cloud from which the great 
aerolite of ^gos Potamos is said to have fallen, according to 
the certainly not quite trustworthy relation of Damachos. 
(Cosmo^t vol. i., p. 133, and note f.) 

There are shooting stars of very different magnitude, in- 
creasing to the apparent diameter of Jupiter or Venus ; on 
the^ occasion, also, of the fall of shooting stars seen at Tou- 
louse (April 10th, 1812), and the observation of a fire-ball at 
Utrecht, on the 23d of August of the same year, they were 
seen to form, as it were, from a luminous pointy to shoot out 
in a star-like manner, and then to expand to a sphere of the 
size of the Moon; In very abundant falls of meteors, such 
as those of 1799 and 1833, there have been undoubtedly 
many fire-baUs, mixed with thousands of shooting stars ; but 
the identity of both kinds of fiery meteors *has not been by 
any means proved hitherto. Relation is not identity. Thero 
still remains much to be investigated as to the physical rela- 
tions of both — as to the influence pointed out by Admiral 
Wrangel,t of the shooting stars upon the development of tho 
polar light on the shores of the Frozen Sea, and as to tho 
number of luminous processes indistinctly described, but not, 
on that account, to be hastily denied, which have preceded 
the formation of fire-balls. The grei^ter number of fire-bal is 
appear unaccompanied by shooting stars, and show no jic- 
riodicity in their appearance. What we know of shooliii;]^ 
stars, with regard to their divergence from definite points, is 
at present only to bo applied to fire-balls with caution. 

Meteoric stones fall the most rarely in a quite clear sity, 
without the previous formation of a black meteor-cloud, witJi- 
out any visible phenomenon of light, but with a terrible crack- 
ling, as upon the 6th of September, 1843, near Rlein-Wendeii, 
not far from Muhlhausen ; or they fall, and this more fi e« 
q^uently, shot out of a suddenly-formed dark cloud, accompa* 

* Forater's Mimoire tur le$ EtoUet FUanUt, p. 31. • 
t Coimoi, vol. i., p, 126, and note *. 
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nied by phenomena of sound, though without light ; finally^ 
and, indeed, the most frequently, the falls of meteorio stones 
present themselves in close connection with brilliant fire 
balls. Of this connection, the falls of stones at Barbotan 
(D6p. des Landes) on the 24th of July, 1790, with H simul- 
taneous appearance of a red fire-ball and a tohite meteorio 
cloud,* from which the aerolites fell ; the fall of stones at 
Benares, in Hindostan, 13th December, 1798, and that of 
Aigl# (D6p. do L'Orne) on the 26th of April, 1803, aflbrd 
well-described and indubitable examples. The last of the 
phenomena here mentioned — ^that which among all has been 
mvestigated and described with the greatest care by Biot — 
has finally, 23 centuries af^er the great Thracian fall of stones« 
and 300 years since a Frate was killed by an aerolite at Ore- 
ma,t put an end to the skepticism of the academists. A 

* Kluitz, lichrhueh der Mdeorologh, vol. iii., p. 277. 

t The great full of aOrolitoi ot Crema uud on Uio •horos of Adda ii 
doaoribeu with cNpecial vivacity, but unfortunately in a rhetorical and 
vuguu niauAor, by tho cololirtttud Potrus Martyr, of Auffhiora {Opui 
Jipistolarum, Amst., 1070, No. cccclxv., ip, 245-^46). Wtiat preceded 
the fall itself was an almost total darkeumg on the 4th of September, 
151 1, at the noon hour. ■ ** Fama est, pavonem immensum in attrea Cre- 
mensi plaga fuisse visum. Favo visus in pyramidem convert!, adeoquo 
celeri ab occidente in orientera raptari cursu, ut in horm momento 
magnam hemisphosrii partem, doctorum inspectantium sententia, per- 
volasse credatur. Ex nubium illico densitate tenebras ferunt sun*ex- 
isse, quales viVentium nuUus unquam se cognovisse ihteatur. Per earn 
noctis &ciem, cum formidolosis fulgnribus, inaudita tonitrua regionem 
circumsepserunt." " The report is, that an enormous peacock was seen 
flying in the sky above the town of Orema, The peacock appeared to 
change into a pyramid, and was carried froni west to east with such 
rapidity, that in a moment it seemed to traverse the whole hemisphere, 
as some learned men imagined who saw it. Immediately afterwaid 
such darkness arose from the denseness of the clouds as was never 
known by mortal before. During thb midnight gloom, unheard-of 
thunders, mingled with awful lightnings, resounded through that quar- 
ter of the heavens." The illuminations were so intense, that the in- 
habitants round Bergamo could see the whole plain of Crema during 
the darkness. '* Ex norrendo illo fragore quid irata natura in eam re- 
ffionem nepererit, percuuctaberis. Soxa demlsit in Cremensi plunitio 
nibi nullus unquam wquans ovum lapis visus fuit) immeuwo magnitu 
aini, pendens egregii. Decern fuisse reperta centilibralia sexa ferunt.'* 
** You will perhaps inauire what accompanied that terrific commotion 
of uatui'e. On the plain of Crema, where never before was seen a stone 
the size of an esg, tnere fell pieces of rock of enormous dimensions and 
of immense weight. It is said that ten of tliese were found weighina 
a hundred pounds each. Birds, sheep, and even fish were kiUed." 
Under all tnese exaggerations, it may still bo seen that the melearie 
thud out of which the stones fell must have been of uncommon black 
ness and thickness The ** pavo" was undoubtedly a long and broad 
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large fire-ball, which moved from S.B. to N.W., was seen at 
one"^ o'clock in the afternoon at Alen9on, Faloise, and Oaen, 
while the sky was quite clear. Some moments afterward 
Ihere Was heard near Aigle f D6p. de L'Ome) an explosion in 
a small, dark, almost motionless cloud, lasting for five or six 
minutes, which was followed three or four times by a noise 
like a cannon and a rattle of muskets, mixed with a number 
of drums. At each explosion, parts of the vapor, of which 
the cloud consisted, were removed. No appearance of light 
was visible in this instance. There fell at the same time 
upon an elliptiotil surface, whose major axis, from S.E. to 
N.W., had a length of six miles, a great number of meteoric 
stones, the largest of which weighed only 17^ pounds. They 
were hot but not red,* smoked visibly, aAd, what is very strik- 

tailed fire-ball. Tbe terrible noise in the mdeorie cloud is hero repre- 
sented as the thander accompanying the lightning (f }. Anghiera him- 
self received in Spain a fragment, the size of a fist (ex frmtrit disrujh 
torum taxorum), and showcSl it to Kins Ferdinand the Catholic, in the 
presence of the famous warrior Gonzalo de Oordova. His letter ends 
with the words, " Mira saper hisce prodigiis conscripta fanatico, physice, 
theologice ad nos missa snnt ex Italia. Quid portendant, qnomoaoqno 
gignantar, tibi ntraque servo, si aliqaando aa nos veneris." •"From 
Uiese prodigies Italy has famished as with many a marvel of supersti- 
tion, physic, and theology ; what they portend, and how they are to 
come to pass, you will learn whenever yoa come to as." (Written 
from Dargos to Fagiardus.) Cardanas (Opera, ed. Lagd., 1663, tom. 
iii., lib. zv., cap. Izxii., p. 279) affirms, still more accurately; that 1200 
aSroUtes fell among them, one of 120 pounds' weight, iron gray, of 
great density. The noise is said to have' lasted two hours: " at mi- 
ram sit, tamtam molem. in aSre sostineri potaisse ;" ** }% is marvelous 
that such a mass could be supported in the air." He considered the 
tailed fire-ball to be a comet, and errs in the date of the phenomenon 
by a year : " Vidimus anno 1510." Cardanus was at that time nine or 
ten years old. 

^ Recently, on the occasion of the fall of aSrolites at Braunau (July 
14th, 1847), ihe fallen masses of stone were so hot, tliat after six hours 
they could not be touched without causing a burn. I have ftlroady 
treated (AtU CerUrale, tom. i., p. 408^ of the analogy which the Scyth- 
ian mfth of taered gold presents witn a fall of motoom. ** 5. As the 
Scythians say, theirs is Uio most recent of all nations ; and it arose in 
the following manner. The first man that appeared in this country, 
which was a wilderness, was named Targitaus: they say that the par- 
ents of this TarjE^itaus, in my opinion relating what is incredible— 'tliey 
say, however, that they were Jupiter and a daughter of the River Do- 
lystheneS; that such was the origin of Targitaus; and that he had three 
sons, who went by the names of Lipozais, Apozais, and tha youngest. 
Colazais ; that daring their reign a plow, a yoke, an az, and a bowl of 
golden workmanship dropping down from heaven, fell ort the Scythian 
territoiy; that the eldest, seeing them first, approached, intending to 
take them up, but as he came near, the'^ld began to bum; when he 
had retired toe second went up, and it did the same again ; according 
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ing, they were more easily broken during the first day after 
the fall than subsequently. I have intentionally given more 
time to this phenomenon, in order to be able to compare it 
.with another of the 13th of September, 1768. About half 
past four o'clock in the afternoon of the above-mentioned day, 
a dark cloud was seen near the village of Luce (D6p. d'Eure 
et Loire), four miles westward of Ghartres, in which a noise 
was heard like a cannon shot, and at the same time a hissing 
was perceived in the air, caused by the fall of a black stone 
moving in a curve. The stone, which had penetrated into 
the Earth, weighed 7^1bs., and was so hot that it could not 
be touched. It was very imperfectly analyzed by Lavoisier, 
Fougeroux, and Oadet. No phenomena of light were per- 
ceived throughout the whole occurrence. 

As soon as the observation of periodic falls of shooting stars 
was commenced, and their appearance on certain nights ex- 
pected, it was rematked that the frequency of the meteors in- 
creased with the length of time from midnight, and that the 
greatest number fell between two and five in the morning. 
Already, on the occasion of the great fall of meteors at Cu- 
mana in the night of the 11th and 12th of November, 1799, 



ly, the burning gold repulsed these ; but when the youngest went up 
tne third, it became extinguished, and he carried the things home with 
him; and that the elder brothera, in consequence of this giving way, 
surrendered the whole authority to the youngest. 6. From Lipoxais, 
they iayt are descended those Scythians who are called Auchatoi ; from 
the second, Apoxais, those who are called Oatiari and Traspies ; and 
from the youngest of them, the royal race, who are called Paralats 
But all have the name of Scoloti, from the surname of their king ; but 
the Grecians call them Scythians. 7. The Scythians say that such was 
their origin ; and they reckon the whole number of years from thoir 
first beginning, from King Targitaus to the time that Darius crossed over 
against them, to be not more than a thousand years, but just that uum 
ber. This sacred gold the kings watch with the greatest care, and an- 
nually approach it with maffnincent sacrifices to render it propitious. 
If he who has the sacred gold happens to fall asleep in the open air on 
the festival, the Scythians say he can not survive the year, and on this 
account they give him as much land as he can ride round on horseback 
in one day. The country being very extensive, Oolaxais established 
three of the kingdoms for his sons, and made that one the largest in 
which the gold is kept. The parts beyond the north of the inhabited 
districts the Scythians say can neither be seen nor passed through, by 
reason of the feathers shed there ; for that the earth and air are full of 
feathers, and that it is these which intercept the view." — Herodotus, iv., 
5 and 7 (translation, Bohn's Classical Library, p. 238). But is the myth 
of Boered gold merely an ethnographical myth — an allusion to three 
kings' sous, the founders of three races of Scythians 7 an allusion to the 
prominent position which the race of the youngest son, the Paralatte, 
attained f (Btandstfitter, Seythica, de aurea Caterva, 1 837, p. 69 and 81.) 
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my fellow-travelers saw the greatest swarm of shooting stars 
between half past two and four o'clock. A very meritorioas 
observer of the phenomena of meteors, Coulvier-Gravier, con* 
tributed an important essay to the Institute at Paris upon la 
variation horaire des itoiles filantes. It is difficult to con- 
jecture the cause of such an naurly variation, an influence 
of the distance from the hour of midnight. If, under difl^r^ 
cnt meridians, the shooting stars do not become especially 
visible until a certain early hour, then, in the case of their 
cosmical origin, we must assume, what is still but little prob- 
able, viz., that these night, or, rather, early morning hours, 
are especially adapted to the recognition of the shooting Itars, 
while in other hours of the night more shooting stars pass 
by before midnight invisible. We must still long and pa- . 
tiently collect observations. 

The principal characters of the solid masses which fall 
from the air I believe I have treated of with tolerable com- 
pleteness {Cosmos, vol. i., p. 129), in reference to their chem- 
ical relations and the granular structure, especially investi- 
gated by Gustav Rose in accordance with the state of our 
knowledge in the year 1845. The successive labors of How- 
ard, Klaproth, Th6nard, Yauquelin, Proust, Berzelius, 8tro- 
meyer, Laugier, Dufresnoy, Gustav and Heinrich Rose, Bous- 
singault, Rammelsbeig, and Shepard, have aflbrded a rich 
material,* and yet two thirds of the fallen meteoric stones, 
which lie at the bottom of the sea, escape our observation. 
Although it is striking that, under all zones, at points most 
distant froin each other, the aerolites have a certain pJiys* 
iognomic resemblance — ^in Greenland, Mexico, and South 
America, in Europe, Siberia, and Hindostan — still, upon a 
closer investigation, they present very great difierences 
Many contain //g- of iron; others (Siena) scarcely y|y; 
nearly all have a thin black, brilliant, and, at the same time^ 
veined coating : in one TGhantonnay) this crust was entire- 
ly wanting. The spcciuc gravity of some meteoric stones 
amounts to as much as 4*28, while the carbonaceous stone 
of Alais, consisting of crumbling lamellsB, showed a speciflo 
gravity of only 1*94. Some (Juvenas) have a doloritic struc- 
ture, in which crystallized olivin, augite, and anorthite are 
to be recognized separately ; others (the masses of Pallas) 
aflbrd merely iron, containing nickel and olivin ; and others, 

* The metals discovered in meteorio stones nra nickel, b}r Howard; 
cobalt, by Btromeyer ; copper vad chromium, by Laugier ; tip, by Bor> 
se'iiuB. 



224 009M0B. 

again (to judge from the proportions of tho ingredients), are 
aggregates of hornblende and albite (Ohateau-Renard), or of 
hornblende and labrador (Blansko and Ohantonnay). 

Aceording to the general summary of results given by a 
sagacious chemist, Professor Rammelsberg, who has recently ' 
occupied himself uninterruptedly, and as actively as success- 
fully, with the analysis of aerolites and their composition from 
simple minerals, " the separation of tho masses fallen from 
the air into meteoric -iron and meteoric stones is not to bo 
admitted in its strictest sense. Meteoric iron is sometimes 
founcL though seldom, with silicates intermixed (the Siberian 
mass weighed again by Heis of 1270 Russian pounds, with 
grains of olivinV and, on the other hand, many meteoric stones 
ooniaiam^etaUtciron. 

** A. The meteoric iron, whose fall it has been possible to 
observe only a few times (Hradschrina, near Agram, on the 
26th of May, 1751, Braunau, 14th of July, 1847), while most 
analogous masses have already laid long upon the surface of 
the earth, possesses in general very similar physical and chem- 
ical properties. It almost always contains sulphuret of iron 
mixed with it in finer or coarser particles, wmch, however, 
do not appear to be either iron pyrites or magnetic pyrites, 
but a sulphuret of iron.* The prmcipal mass of such a me- 
teoric iron is also not pure metal, but consists of an edlof/ of 
iron and nickel, so that this constant presence of nickel (on 
the average 10 per cent., sometimes rather more, sometimes 
rather less) serves justly as an especial criterion for the me- 
teoric nature of the whole mass. It is only an alloy of two 
isomorphous metals, not a combination in definite proportions. 
There are also present in minute quantity, cobalt, manganese, 
magnesium, copper, and carbon. The last-mentioned sub 
stance is partly mixed mechanically, as difficultly combusti- 
ble graphite ; partly in chemical combination with iron, and 
therefore analogous to many kinds of bar-iron. The princi- 
pal mass of the meteoric iron contains also always a peculiar 
combination of phosphorus ndth iron and nickel, which, on 
the solution of the iron in hydrochloric acid, remains in the 
form of silver-white, microscopic, crystalline needles and 1am- 
insD. 

** B. The meteoric stones, properiy so called, it is customar} 
to divide into two classes, according to their external appf anr* 
ance. The stones of one class present, in an apparently ho 
mogeneous mass, grains and splinters o{ meteoric iron, whioL 

* llamnielbbtii'g, in roggeiidorfl*, AunaUn, vol. Ixxiv., 1849, p. 142 
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are attracted by the magnet, and posBess entirely the nature 
of that found in larger m&uiesi To this class belong, for ex* 
ample, the stones of Blansko^ Lissa, Aigle, Ensisheim, Oban- 
tonnay, Elein-Wenden near Nordhausen, Erxleben, Oh&teau- 
Renard, and Utrecht. The stones of the other class are free 
from metaUic admixtures^ and present rather a' crystalline 
mixture of diilbront mineral substances ; as, for example, the 
stones of 'Juvenas, Lontalax, and Stannem. 

** Since the time that Howard, Elaproth, and Yauquelin 
first instituted the chemical investigation of meteoric stones, 
for a long time no regard was paid to the fact that they 
might be mixtures of separate combinations ; but they were 
examined only for their total constituents, and it was consid- 
ered sufficient to draw out the iron by the magnet. After 
Mobs had directed attention to the analogy between some 
aerolites and certain telluric rocks, Nordenskjold endeavored 
to prove that the aerolite of Lontalax, in Finland, consisted 
t)f olivin, leucite, and magnetic iron ore; but the' beautiful 
observations of Gustav Rose first placed it beyond doubt that 
the stone of Juvenas consists of magnetic pyrites, augite, and 
a feldspar very much resembling labrador. Guided by this, 
Berzehus endeavored, in a more extended essay (KongL Veten^ 
skapS'Academiens Handlingar fur 1834), to eliminate, also 
by chemical methods, the mineralogical nature of the sepa- 
rate combinations in the aerolites of I31ansko, Ohantonnay, and 
Alais. The road happily pointed out by him beforehand has 
subsequently been abundantly followed. 

" a., The first and more numerous class oi meteoric stones, 
those with metallic iron, contain this disseminated through 
them, sometimes in larger masses, which occasionally form a 
skeleton, and thus constitute the transition to those meteoric 
masses of iron in which, as in the Siberian mass of Pallas, 
the other materials disappear more considerably. On account 
of the constant presence of olivin, they are rich in magnesia. 
The olivin is that part of the meteoric stone which is decom- 
posed when it is treated with acids. Like the telluric, it is 
a silicate of magnesia and protoxide of iron. That part which 
is not attacked by acids is a mixture of feldspathic and au- 
gitic matter, whose nature admits of being determined solely 
bv calculation firom its total constituents, as labrador, horn- 
blende, augite, or oligoclas. 

" 3. The second much rarer class of meteoric stones have 
been less examined. They contain partly magnetic iron ore, 
olivin, and some feldspathic and augitio matter ; some of 

K2 
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them coiuuBt merely of the two last-mentioned simple mmei 
als, and the feldspar tribe is then represented by anorthite.* 
Chrome iron ore (ozyd of chromium and protozyd of iron) 
is found in small quantity in all meteoric stones ; phosphoric 
acid and titanic add^ which Rammelsberg discovered in the 
very remarkable stone of Juvenas, perhaps indicate apatite 
and titanite. 

** Of the simple substances hitherto detected in the meteorio 
^stones, there are 18 :t oxygen, sulphur, phosphorus, carbon^ 
sHicium, aluminum, magnesium, calcium, potassium, sodi- 
um, iron, nickel, cobalt, chromium, mangatiesium, copper, 
tin, and titanium, I'he proximate constituents are, (a.) 
metallic: nickel-iron, a combination of phosphorus with iron 
and nickel, sulphuret of iron and magnetic pyrites ; (i.) oxy- 
dized: magnetic iron ore and chrome iron ore ; (c.) silicates: 
olivin, anorthite, labrador, and augite." 

In order to concentrate the greatest number of important 
facts separated from hypothetic conjectures, it still remains 
for me to develop the manifold analogies which some mete- 
orio stones present as rocks with older, so-called trap rocks 
(dolerites, diorites, and melaphyren), with basalts and more 
recent lava. These analogies are so much the more strik- 
ing, as " the metallic alloy of nickel and iron, which is con- 
stantly contained in certain meteoric masses," has not hither- 
to bean discovered in telluric minerals. The same distin- 
guished chemist whose friendly communications I have made 
use of in these last pages, enters fully into this subject in a 
special treatise,^ tho results of which will be more appropri- 
ately disouBsed in the geological part of the Oosmos. 

^ * Shepard, in Silli man's American Journal of Science and Arte, ser. 
ii., vol. 11., 1846, p. 377 ; BammeUberg, in Poggend., Ann., bd. Ixziii., 
1848, p. 377. 

t Compare Cotmoi, vol. i., p. 130. 

X ZeiUchrift der Denttchen Oeolog. QeeeUeehaJt, bd. i., p. 232. All 
the matter in the text from p. 224 to p. 226, which is between inverted 
commas, was taken from the manuscript of Professor Rammelsberg 
(May, 1851). 



CONCLUSION. 

In concluding tho uranological part of the physical de^ 
scription of the universe, in taking a retrospect of what I 
have attempted (I do not say dccontplished), after the exe- 
cution of 80 difficult an undertaking, I think it necessary once 
more to call to niind that this execution could have been ef 
fected only under those conditions which have been indicated 
in the Introdtection to tho third volume of Cosmos, The 
attempt to carry out such a cosmical treatment of the subject 
is limited to the representation of space and its material con- 
tents, whether aggregated into spheres or not. The character 
of the present work differs, therefore, essentially from the more 
comprehensive and excellent elementary tcorks on astronomy 
which tho various literatures of modern times pbssess. iis- 
tronomy, as a science, the triumph of mathematical reason- 
ing, based upon the sure foundation of tho doctrine of gravi- 
tation and the perfection of the higher analysis (a mental in- 
strument of investigation), treats of plienomena of motion 
measured according to spa^e and time ; locality (position) of 
the cosmical bodies in their mutual and perpetually-varying 
relations to each other; cJiange of form, as in the tailed 
comets ; change of light, as the siulaen appearance or total 
extinction of the light of distant suns. The quantity of mat-* 
ter present in the universe remains always the same ; but 
from what has already been discovered in tho telluric sphere 
of physical laws of nature, we see working in the eternal 
round of material phenomena an ever-unsatisfied change, 
presenting itself in numberless and nameless cofnbinations. 
Such an exercise of force by matter is called forth by its at 
least apparent heterogeneity. Exciting motion in immeaS' 
urably minute spaces, this heterogeneity of matter compli- 
cates all the problems of terrestrial phenomena. 

The astronomical problems are of a simpler nature. 
Hitherto unencumbered by the above-mentioned complica- 
tions, directed to the consideration of the quantities of pon- 
derable matter (masses), to the oscillations producing hght 
and heat — ^the mechanics of the heavens has, precisely on 
account of this simplicity, in which every thing is roducod to 
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motion, remained in all its brancheB amenable to mathemat- 
ical treatment. This advantage gives to the elementary 
works on theoretical astronomy a great and entirely peculiar 
charm. In them is reflected what the intellectual labors of 
later centuries have achieved by the analytical methods ; 
how configuration tfnd orbits are determined ; how, in the 
phenomena of planetary motion, only small oscillations about 
a mean condition of equilibrium can take place ; how the 
planetary system, from its internal arrangement, works its 
preservation and permanence by the compensation of per- 
turbations. 

The examination of the m>eans of forming a general con 
ception of the universe, the explanation of the complicated 
celestial phenomena, do not belong to the plan of this work. 
The physical description of the universe relates to what fills 
space, and organically animates it, in both spheres of urano- 
logical and telluric relations. It adheres to the consideration 
of the discovered laws of nature, and treats of them as ac- 
quired facts, as immediate results of empirical induction. In 
order to caiTy out the work of the Cosmos within the appro- 
priate limits, and not with too great extension, it must not 
be attempted to establish theoretically the connection of phe- 
nomena. In this limitation of the plan laid down beforehand, 
I have, in the astronomical volume of Cosmos, applied so 
much the more care to the individual facts and their arrange- 
ment. From the consideration of universal space, its tem- 
perature, the degree of its transparency, and the resisting 
medmm which fills it, I have passed on to natural and tele- 
scopic vision, the limits of visibility, the velocity of light, ac- 
cording to the difTorcnco of its sources, the imperfect meas- 
urements of luminous intensity, and the new optical means 
of distinguishing direct from reflected light. Then follows 
the heaven of fixed stars ; the numerical statement of its 
iself-luminous suns so far as their position is determined ; their 
probable distribution ; the changeable stars which reappear 
at well-defined periods ; the proper motion of the fixed stars ; 
the assumption of the existence of dark cosmical bodies, and 
their influence upon the motion of the binary stars; the 
nebulous spots, in so far as these are not remote and very 
dense swarms of stars. 

The transition from the sidereal part of uranology — from 
the heaven of the fixed stars to our solar system, is merely 
a transition from the universal to the particular. In the 
class of binary stars, self-luminous cosmical bodies movo about 
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a common center of gravity. In our solar system, wliioh is 
constituted of very heterogeneous elements, dark cosmical 
bodies revolve round a self-luminous one, or much rather 
again round a common center of gravity, which at difierent 
times is situated within and without the central body The 
individual members of the solar system are of dissimilar na- 
ture—more dissimilar than for many centuries astronomers 
wore justiRod in supposing. They are principal and sec 
ondary planets ; among the principal planets a group whose 
orbits intersect each:other ; an innumerable host of comets ; 
the ring of the zodiacal light ; and, with much probability, 
the periodic meteor-asteroids. 

It still remains to state here fully, as actual relations, the 
three ereat laws of planetary motion, discovered by Kepler. 
JFirst law :' each orbit of a planetary body is an ellipse, in 
one of whose foci the Sun is situated. Second lata : each 
planetary body describes in equal times equal sectors round 
the Sun. Third law : the sqiiares of the times of revolu- 
tion of two planets are as the cubes of their mean distances. 
The second law is sometimes called the first, because it was 
discovered earlier. (Kepler, AstronoMia JNbva, seu Physica 
Caslestis, tradita Commentariis de Motibus Stella Martts^ 
ex observ, Tyclwnis Brahi^laborata, 1602 ; compare cap. 
xl. with cap. lix.^ The first two laws would bo applicable 
if there were only a single planetary body ; the third dnd 
most important, which was discdvered nineteen years after- 
ward, fixes tlio motions of two planets to one law. (The 
manuscript of the Harmonice Mundi, which appeared in 
1619, was already completed oh the 27th of May, 1618.) 

While the laws of planetary motions were empirically dis- 
covered at the commencement of the seventeenth century ; 
while Newton first discovered the force, of whoso action Kep- 
ler's laws were to be considered as necessary consequences ; 
so the end of the eighteenth century has had the merit of de- 
monstrating the stahility of the planetary system by the new 
path which the perfected calculation of infinitesimals opened 
to the investigation of astronomical truths. The principal 
elements of this stability are, the invariability of the major 
axes of the planetary orbits, proved by Laplace (1773 and 
1784), Lagrange, and Poisson; the long periodic change 
(comprised within narrow limits) of the eccentricity of two 
larger planets more distant from the sun, Jupiter and Saturn, 
themselves oniy th^t ^^ ^^ mass of the all-governing central 
body ; finally, the arrangement that, accorcUng to the eternal 
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plan of creation, and the nature of the formation of the 
planets, they have all a translatory and rotatory motion in 
one direction ; that this motion takes place in orbits of slight 
and but little varying ellipticity, in planes of moderate dif- 
ferences of inclination ; and that the periods of the planeta- 
ry revolutions have among each other no common measure 
Such elements of stability, as it were the maintenance and 
duration of the planets* existence, are dependent upon the 
condition of mutual action with a separate circle. If, by the 
entry of a cosmical body coming from tvithaiUt and not pre- 
viously belonging to the planetary system, that condition 
was disturbed (Laplace, Expos, du Syst. du Monde, p. 309 
and 391), then this disturbance, as the consequence of new 
attractive forces, or of a collision, might certainly become 
destructive to the existing system, until finally, after long con- 
flict, a new equihbrium was produced. The arrival of a 
comet upon an hyperbolic orbit from a great distance, even 
when want of mass is made up for by immonso velocity, can 
excite apprehension only in aii imagination which is not bus 
coptiblo of the earnest assurances of the calculation of proba- 
bilities. The wandering clouds of the interior comets are 
not more dangerous to our solar system than the great incli- 
nation of the orbits of some of the small planets between 
Mars and Jupiter. Whatever must be characterized as mere 
probability, lies beyond the domain o{ & physical description 
of the universe ; science must not wander into the cloud- 
land of cosmological dreams. 
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